BEST AVAILABLE COPY 

REMARKS/ARGUMENTS 



1 . Amendments 

Claims 1,4-6, 9, 10,11-14, 16-34, 40-49 are in the application. Claims 45-49 
have been withdrawn. 

Applicant has canceled claims 2, 3, 7, 8, 15, 35-39 and 50-59 without prejudice 
to the filing of a continuation application directed to the canceled subject matter. 

Applicant has amended claim 1 to recite an isolated fusion molecule comprising 
a first polypeptide sequence comprising at least 85% identity with an IgG heavy chain 
constant region sequence capable of specific binding to a native IgG inhibitory receptor, 
directly functionally connected to a second polypeptide autoantigen sequence 
comprising at least 90% sequence identity to at least a portion of the amino acid 
sequence of basic myelin protein (MBP) and capable of specific binding, through a third 
polypeptide sequence specific for myelin basic protein, to a native IgE receptor 
Support for the recitation of at least 85% identity can be found in the specification and 
in original Claim 15. Support for the recitation of myelin basic protein can be found in 
the specification and in original Claim 8. Recitation of "Specific for MBP" can be found 
in the specification at, for example, page 12, lines 24-26 and page 18, lines 9-12. 
Support for the recitation of 90% sequence identity with the autoantigen sequence can 
be found in the specification and in original claim 9. 

Applicant has amended claim 10 to recite the fusion molecule of claim 9 wherein 
said autoantigen sequence present in said fusion molecule comprises the amino acid 
sequence of SEQ ID NO: 13. Support for this amendment can be found in the 
specification at, for example, page 621 , line 20 to page 62, line 4 and in Example 2, 
SEQ IDN0:13. 

Applicant has amended claims 4 - 6, 9,1 1-12, 16-17, 26 and 43 to clarify the 
claim language and correct claim dependencies. No new matter is added by these 
amendments. 
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2. Restriction Requirement 



Applicant elected group 1 witli traverse: 

Group 1 . Claims 2 - 34 and 40-44, drawn to an isolated fusion molecule wherein the 
autoantigen is myelin basic protein, pharmaceutical composition and kit comprising 
said fusion protein, classified in Class 530, subclass 350; Class 424, subclass 192.1, 
Class 435, subclass 810. 

The Office Action indicated that claims 2-34 and 40-44 and claims 45-49 are 
related as product and process of use. Applicant thanks the office for the indication 
that where Applicant elects claims directed to a product and a product claim is 
subsequently found allowable, withdrawn process claims that depend from or othenA/ise 
include all of the limitations of the allowable product claim will be rejoined in accordance 
with the provisions of MPEP 821 .4. 

3. Objection to Disclosure 

The disclosure stands objected to on the basis that there is a typographical error 
"pAN1782" on page 78, line 22. Applicant has amended the specification to correct this 
error and withdrawal of this objection is respectfully requested. 

4. Rejection of Figure 9 

Figure 9 stands rejected because the half-tone of the figure is allegedly too dark. 
Applicant hereby provides a new Figure 9. Withdrawal of this rejection is respectfully 
requested. 

5. Rejection under 35 U.S.C. S 112. first paragraph. (Enablement) 

Claims 1-34 and 40-44 stand rejected under 35 U.S.C. § 1 12, first paragraph 
because the specification, while being enabling for (1 ) isolated fusion molecule 
comprising hinge CH2-CH3 of human IgGI constant region consisting of SEQ ID N0:1 
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fused to a full length myelin basic protein comprising SEQ ID N0:12 or a peptide from 
myelin basic protein consisting of SEQ ID N0:13, and (2) an isolated fusion molecule 
comprising hinge-CH2-CH3 of human lgG1 constant region consisting of SEQ ID N0:1 
fused to human IgE constant region CH2-CH3-CH4 domains for inhibiting IgE mediated 
release of histamine, does not reasonably provide enablement for any fusion molecule 
as set forth in claims 1-34 and 40-44. 

Applicant has canceled claims 2, 3. 7, 8, 15, 35-39 and 50-59 without prejudice 
to the filing of a continuation application directed to the canceled subject matter. 

Applicant has amended Claim 1 to recite an isolated fusion molecule comprising 
a first polypeptide sequence comprising at least 85% identity with an IgG heavy chain 
constant region sequence capable of specific binding to a native IgG inhibitory receptor, 
directly functionally connected to a second polypeptide autoantigen sequence 
comprising at least 90% sequence identity to at least a portion of the amino acid 
sequence of basic myelin protein (IVIBP) and capable of specific binding, through a third 
polypeptide sequence specific for myelin basic protein, to a native IgE receptor 

Applicant traverses the rejection for the following reasons. 

The test for enablement entails an analysis of whether one skilled in the art is 
able to practice the invention using information disclosed in the application and 
information known in the art without undue or unreasonable experimentation (MPEP § 
2164.01 ; see In re Wands, 858 F.2d 731, 8 USPQ 2d 1400, [Fed. Cir. 1988]). A finding 
of lack of enablement and determination that undue experimentation is necessary 
requires an analysis of a variety of factors (i.e., the In re Wands factors). The most 
important factors that must be considered in this case include 1 ) the nature of the 
invention; 2) the level of ordinary skill in the art; 3) guidance provided in the 
specification, and 4) the state of the prior art. "[H]ow a teaching is set forth, by specific 
example or broad terminology, is not important"; and furthermore still, "[Ijimitations and 
examples in the specification do not generally limit what is covered by the claims" 
(MPEP § 2164.08). The determination of what constitutes undue experimentation in a 
given case requires the application of a standard of reasonableness, having due regard 
for the nature of the invention and the state of the art. Ansul Co. v. Uniroyal, Inc. 448 
F.2d 872, 878-79; 169 USPQ 759, 762-63 (2d Cir. 197 1), cert, denied, 404 U.S. 10 18, 
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30 L. Ed. 2d 666, 92 S. Ct. 680 (1972). The test is not merely quantitative, since a 
considerable amount of experimentation is permissible, if it is merely routine, or if the 
specification in question provides a reasonable amount of guidance with respect to the 
direction in which the experimentation should proceed. It is well settled that patent 
applicants are not required to disclose every species encompassed by their claims, 
even in an unpredictable art. The legal standard merely requires that there must be 
sufficient disclosure, either through illustrative examples or terminology, to teach those 
of ordinary skill how to make and use the invention as broadly as it is claimed. Enzo 
Biochem., Inc. v. Calgene, Inc., 188 F.3d 13 62 (Fed. Circ. 1999), at 1372 (quoting In re 
Vaeck, 947 F.2d 488, 496 (Fed. Cir. 1 991 ). 

Proper application of the legal standard must lead to the conclusion that all 
claims pending in this application are fully enabled. 

The nature of the Invention 

The present invention concerns certain novel fusion molecules that are capable 
of cross-linking a native IgG inhibitory receptor with a native IgE receptor. The fusion 
molecules comprise a sequence comprising 85% identity to IgG heavy chain sequence 
linked to a polypeptide autoantigen sequence which comprises 90% identity to myelin 
basic protein and is capable of being specifically bound by an immunoglobin specific for 
myelin basic protein. The purpose of these molecules is to allow the myelin basic 
peptide to function as an immunogen while any fusion peptides that reacted with IgE 
loaded mast cells would not trigger an adverse reaction. Such molecules find utility in 
the management of multiple sclerosis. While the therapeutic strategy underlying the 
present, invention is both novel and unobvious, the fusion molecules themselves have a 
relatively simple structure, and can be made and tested by standard techniques that 
were well known in the art at the time of making the present invention. Furthemnore, at 
the time the present invention was made, there was a lot of information known in the art 
about the Interaction of IgG inhibitory receptors and IgE receptors with antibody 
constant regions, which provides valuable Information for the construction of the fusion 
molecules of the present invention. Accordingly, although unpredictability in the field of 
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recombinant DNA technology is generally viewed as relatively high, the unpredictability 
in the particular field to which the present invention pertains is of lesser degree. 

The level of ordinary skill in the art 

It is well established that the level of skill in the art of recombinant DNA 
technology is relatively high, and is typically represented by the knowledge of a Ph.D. 
scientist with several years of experience in the pertinent field. 

Fusion Molecules Comprising IgG heavy chain constant regions and peptide sequences 
with identity to myelin basic protein 

The Examiner reasons that fusion molecules "comprising" first and second 
polypeptide sequences are not enabled, as use of the term "comprising" expands the 
hinge of a human lgG1 constant region to include additional amino acids at either ends 
of the first polypeptide within the claimed fusion molecule. There is allegedly a lack of 
guidance as to which amino acids are to be included. Further the first polypeptide 
would include the whole IgG rather than just the constant region of the human lgG1 
because the term "comprise" is recited in said claims. (Office Action, page 8, paragraph 
starting on line 1 ). 

Applicant must respectfully disagree. The present application describes, by way 
of example, additional non-essential but advantageous amino acid sequences and 
other elements that find use with the first and second polypeptides of the fusion 
molecules of the invention. For example, the first and second polypeptide sequences of 
the fusion molecule can be joined using various linkers (described in the Specification 
at page 56, lines 4-16). Also, the fusion molecules may contain posttranslational 
modifications, either naturally occurring or artificial, for example, acetylation, 
glycosylation and prenylation (see Specification page 21, lines 4 - 24). The 
Specification teaches that fusion polypeptide variants can be constructed that contain 
advantageous insertions of various amino acid sequences (page 21, line 25 to page 23, 
line 3 ), resulting in fusion molecules that have improved affinity for their respective IgG 
or IgE Fc receptors (Specification, page 34, line 24 to page 35, line 25). The fusion 
molecules of the invention can also comprise multiple copies of the IgG and 
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autoantigens, as described in page 54, lines 18-21. Fusion polypeptides further 
conriprising signal sequences for intracellular localization or extracellular export (page 
63, lines 20-22), and peptide sequence tags to facilitate fusion molecule purification 
(page 63, line 32 to page 64, line 3) also find use with the fusion molecules of the 
invention. 

As outlined above, the Specification provides sufficient guidance to make a 
variety of advantageous fusion molecules comprising first and second polypeptide 
sequences. Applicant submits that fusion molecules comprising first and second 
polypeptides are fully enabled in view of 1) guidance provided throughout the 
Specification 1 (as described above), 2) the routine nature of recombinant DNA 
engineering and the production of chimeric or variant polypeptides, as known in the art, 
and 3) the high level of technical competence of one of ordinary skill in the 
immunological, genetics and protein-chemistry arts. The routine nature of manipulation 
of DNA and protein molecules is well known, as evidenced by the publications cited in 
the Specification (see, especially, page 20, line 29 to page 21 , line 24; page 64, lines 
17 - 26). Detailed protocols for the construction of the fusion molecule variants 
described in the Specification is not necessary for one of ordinary skill to practice the 
claimed invention without undue experimentation. 

The Examiner asserts that use of the term "comprising" in the claims results in 
an infinite number of possible sequences, and it is not possible to predict which of those 
molecules will have desired functional activity. The Examiner asserts that there is also 
insufficient guidance as to which "portion" of which autoantigen in the fusion molecule is 
effective for treating which autoimmune disease. Applicant disagrees. Applicant points 
out that Claim 1 and all claims dependent on Claim 1 contain the functional limitation 
that the IgG domain has the ability to bind to the native IgG inhibitory receptor and that 
the myelin basic protein (MBP) is capable of specifically binding by a third polypeptide 
to a native IgE receptor.. The Specification teaches which amino acids are necessary 
for IgG receptor binding (see page 35, lines 1 - 25) as well as methods to determine the 



' Applicant points out that the guidance provided in the Specification is found both in the 
Experimental Example as well as in the description of other preferred embodiments elsewhere in 
the Specification. 
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affinity of an Fc domain for its cognate receptor (see, for example, page 55, lines 15- 
25). Thus, use of the term "comprising" does not result in an infinite number of fusion 
molecules with unpredictable activities, and the identification of constructs that meet the 
limitation of the claims does not require undue experimentation. 

The specification defines the term "portion" on page 29, lines 21 - 30. The 
specification teaches which amino acids comprise the epitopes of MBP (page 29, lines 
7 to 1 1 and page 46, Table 2) 

Applicant submits that use of the open-ended transitional phrase "comprising" is 
appropriate, that the term "portion" is appropriate and that the claims are enabled and 
commensurate in scope with the disclosure, and are allowable. The Examiner is 
respectfully requested to withdraw this rejection. 

Fusion Molecules Comprising First Polypeptide Sequences IHaving 85% identity with an 
Ig Heavy Chain Constant Region and comprising Second Polypeptide Sequences 
having 90% identity to myelin basic protein are Enabled 

The Examiner alleges that the disclosure of the Specification provides 
insufficient guidance to make and use polypeptides having at least 85% sequence 
identity with the IgG constant domain sequences of SEQ ID NO: 3, where the 
molecules retain biological or immunological function. The Examiner cites Attwood et 
al., and Skolnick et a!., for the premise that knowing a protein's structure does not tell 
one its function. 

Applicant respectfully traverses the rejection. Applicant points out that the 
Specification describes methods for the determination of percent identity between two 
amino acid sequences (see Specification, page 23, lines 4 - 13). In fact, the 
specification teaches specific parameters to be associated with the term "percent 
identity" as applied to the present invention. Also, one of ordinary skill in the art will 
recognize that the prior art provides numerous sources that describe IgG Fc sequences 
highly homologous to the Fc sequences of SEQ ID NO: 3 (see, the Specification at 
page 26, line 19 - page 27, line 6). Furthermore, Applicant asserts that one of ordinary 
skill in the art has a sufficiently high level of technical competence to experimentally 
identify novel Fc sequences having at least 85% sequence identity with the constant 
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domain sequences of SEQ ID NO: 3 using hybridization methods provided in the 
Specification (see, page 23, line 16 to page 24, line 12). Alternatively, one of skill in the 
art can readily engineer novel Fc domains having at least 85% sequence identity with 
the constant domain sequences of SEQ ID NO: 3 using recombinant DNA/protein 
engineering techniques. Thus, detailed protocols for the construction of fusion 
molecules having at least 85% sequence identity with a known Ig constant domain in 
the Specification is not necessary in order for one of ordinary skill to practice the 
claimed invention without undue experimentation. 

Applicant points out that all pending claims reciting polypeptides having at least 
85% sequence identity with IgG domains fe.g., having 85% sequence identity with SEQ 
ID NO: 3) contain the functional limitation that the polypeptides also have the ability to 
bind to their respective cell surface receptors, and the Specification teaches which 
amino acids are necessary for receptor binding (see page 35, lines 1-25) as well as 
methods to determine the affinity of an Fc domain for its cognate receptor (see, for 
example, page 55, lines 15 - 25). Conservation of these critical amino acids results in 
polypeptides that retain the desired biological activity (receptor binding and inhibition of 
histamine release). Thus, contrary to the Examiner's statement, use of the phrase 
"having at least 85% sequence identity" does not result in fusion molecules with 
unpredictable activities. A person skilled in the art, relying on the teaching of the 
specification and general knowledge in the art at the time the present invention was 
made, will be able to determine which amino acid alterations are expected to yield 
constructs that satisfy the functional limitations of the claims, without undue 
experimentation. 

Moreover, it is well-known in the art that many, if not most, polypeptides of the 
invention having at least 85% sequence identity with the constant domain sequence of 
SEQ ID NO: 3 will retain biological activity. This is because the skilled artisan is fully 
aware of amino acid substitutions that are either less likely or not likely to significantly 
effect protein function (e.g., replacing one aliphatic amino acid with a second aliphatic 
amino acid). For example, guidance concerning how to make phenotypically silent 
amino acid substitutions is provided in J. U. Bowie, et aL, "Deciphering the Message in 
Protein Sequences: Tolerance to Amino Acid Substitutions," Science 247:1306-10 
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(1990) (copy enclosed), wherein the authors indicate that proteins are surprisingly 
tolerant of amino acid substitutions. 

In addition, amino acids in the fusion proteins of the present invention that are 
essential for function can be easily identified by methods well-known in the art, such as 
site-directed mutagenesis or alanine-scanning mutagenesis (see, e.g., Cunningham 
and Wells, Science 244:1081-85 (1989) (copy enclosed)). The latter procedure 
introduces single alanine mutations at every residue in the molecule. The resulting 
mutant molecules are then tested for biological activity as taught in the specification. 

The claims currently recite peptide sequences associated with biological activity. 
This biological activity with the well defined relatively high degree of sequence identity 
and general knowledge in the art at the time the invention was made, is believed to 
sufficiently define the claimed genus such that, one skilled in the art, at the effective 
date of the present application, would have known how to make and use the claimed 
peptide sequences without undue experimentation. As the M.P.E.P. states, "[t]he fact 
that experimentation may be complex does not necessarily make it undue, if the art 
typically engages in such experimentation," In re Certain Limited-charge Cell Culture 
Microcarriers, 221 USPQ 1165, 1174 (Int'l Trade Comm'n 1983), afT sub nom. 
Massaciiusetts Institute of Technology v A.B. Fortia 774 F 2d 1104. 227 USPQ 428 
(Fed. Cir. 1985);MP.E.P. 2164.01 

Lack of in vivo working examples 

The Examiner indicates that there is a lack of in vivo working examples 
demonstrating that the fusion molecule is effective for treating multiple sclerosis. The 
Examiner relies on Blanas et al., Couzin et al. and Mackay et a|2. The Examiner states 
that the fusion molecule may be inactivated before producing an effect; the fusion 
molecule may not reach its targeted area. 

The legal standard with respect to in vitro or animal model data providing 
pharmacological activity has been commented on in Cross v lizuka 753 F. 2d 1040, 
1 051 , 224 USPQ 739, 747-48 (Fed. Cir 1 985). 

2 Applicant presumes that the Examiner means Davidson et al, (2001) New England J. of Med. 

345(5) 340-350, Eds. MacKay & Rosen rather than MacKay et al. 
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"We perceive no insurmountable difficulty, under appropriate circumstances, in 
finding that the first link in the screening chain, in vitro testing, may establish a practical 
utility for the compound in question. Successful in vitro testing will marshal resources 
and direct the expenditure of effort to further in vivo testing of the most potent 
compounds, thereby providing an immediate benefit to the public, analogous to the 
benefit provided by the showing of an in vitro utility." 

Furthermore, M.P.E.P. 2107.03 (III) states 

"If reasonably correlated to the particular therapeutic or pharmacological utility, 
data generated using in vitro assays, or from testing in an animal model or a 
combination thereof almost invariably will be sufficient to establish therapeutic or 
pharmacological utility for a compound, composition or process." 

Thus, the legal standard accepts that in vitro or animal model data is acceptable 
utility as long as the data is "reasonably correlated" to the pharmacological utility 
described. 

Blanas indicates that oral administration of ovalbumin autoantigen in mice was 
found to induce a cytotoxic T lymphocyte response that could lead to the onset of 
autoimmune diabetes. Blanas does not discuss the MBP peptide or multiple sclerosis. 
Applicant's construct comprises the heavy chain constant region of the IgG fused to the 
MBP peptide. The fusion molecule acts to inhibit the autoallergic reaction. Blanas 
does not discuss the administration of a fusion molecule, let alone a fusion molecule 
comprising an autoantigen fused to the IgG heavy chain constant region, as claimed. 
Accordingly, the findings of Blanas cannot be applied to the currently claimed invention. 

Couzin et al. (2003) is an article reviewing various clinical tests for the treatment 
and prevention of type I diabetes. Couzin does not discuss the MBP peptide, use of a 
fusion polypeptide or multiple sclerosis. For the reasons set forth for Blanas, the 
findings of Couzin et al. cannot be applied to the currently claimed invention. 
Furthermore, for the reasons set forth above, the legal standard sufficient to establish 
utility of a compound is in vitro or in vivo tests. The legal standard is not human clinical 
trials. 

Mackay et al., states that two recent phase I clinical trials for treatment of 
multiple sclerosis by administering altered peptide ligands derived from MBP resulted in 
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either hypersensitivity reactions or exacerbations of multiple sclerosis, (page 346) First, 
MacKay does not indicate that the altered peptide ligands derived from MBP are 
functionally attached to the IgG heavy chain constant regions. The purpose of the IgG 
Fc regions is to prevent the hypersensitivity reaction seen with the peptides as taught 
by MacKay. Accordingly, MacKay does not teach that the claimed invention will not 
work. Furthermore, for the reasons set forth above, the legal standard sufficient to 
establish utility of a compound is in vitro or in vivo tests. The legal standard Is not 
human clinical trials. 

Applicant encloses later published papers which show that fusion molecules 
comprising an IgG constant region linked to an IgE constant region successfully 
reduces histamine release in animals. Clearly such compounds are not inactivated as 
suggested by the Examiner. Clearly these types of fusion molecules can be 
successfully administered to animals^. 

Furthermore, the appearance of IgG or other antibodies against the MBP portion 
of the fusion molecule would not be a problem because the purpose of the molecule is 
to present the MBP as an "immunogen" while any reacted IgE loaded mast cells would 
be suppressed by the IgG Fc portion. 

For the above reasons, the Examiner is respectfully requested to withdraw this 
rejection. 

6. Rejection under 35 U.S.C. §112. first paragraph. (Written Description) 

Written Description 

Claims 1-34 and 40-44 stand rejected under 35 U.S.C. § 112, first paragraph for 
allegedly lacking written description. Specifically, the Examiner alleges that there is 
insufficient written description in the Specification for the same fusion molecules that 
were rejected on the basis of lack of enablement (see above, and Office Action, pages 
7-8). 

3 Zhu et al., "A novel human immunoglobulin Fc7-Fc€ biflinctional fusion protein inhibits Fee RI 
mediated degranulation". (2002) Nature Medicine vol. 8 (5) 518-521 
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Applicant has canceled claims 2 - 3, 7 - 8, 15, 35 - 39 and 50 - 59 without 
prejudice. 

Applicant has amended Claim 1 to recite an isolated fusion molecule comprising 
a first polypeptide sequence comprising at least 85% identity with an IgG heavy chain 
constant region sequence capable of specific binding to a native IgG inhibitory receptor, 
directly functionally connected to a second polypeptide autoantigen sequence 
comprising at least 90% sequence identity to at least a portion of the amino acid 
sequence of basic myelin protein (MBP) and capable of specific binding, through a third 
polypeptide sequence specific for myelin basic protein, to a native IgE receptor. 

Applicant traverses the rejection for the following reasons. 

To satisfy the written description requirement, a patent specification must 
describe the claimed invention in sufficient detail that one skilled in the art can 
reasonably conclude that the inventor had possession of the claimed invention (e.g., 
VaS'Cath, Inc. v. Mahurkan 935 F.2d at 563, 19 USPQ 2d at 1116 and Gentry Gallery, 
Inc. V, Berkline Corp,, 134 F.3d 1473, 45 USPQ 2d 1498 [Fed. Cir. 1998]). Applicant 
asserts that they have met this requirement. Applicant emphasizes that sufficient written 
description must be ascertained in view of one skilled in the art. "It is not required that 
the application describe the claim limitations in greater detail than the invention 
warrants. The description must be sufficiently clear that persons of skill in the art will 
recognize that the applicant made the invention having those limitations" (Martin v. 
Mayan 823 F.2d 500, 3 USPQ 2d 1333 [Fed. Cir. 1987]), 

Multiple Fusion Molecules are Described in the Specification 

The Examiner alleges that the Specification discloses insufficient written 
description of the structure of fusion molecules of the claimed invention to support a 
claim to a larger genus of fusion molecules. 

Applicant must respectfully disagree. As described above, the Specification 
describes multiple fusion molecules. For example, the Specification describes the 
construction of chimeric fusion molecules, see Example 2, pages 180-183. The 

Kepley et al. "FC6RI-FC7RII coaggregation inhibits EL- 16 production from human langerhans-like 

dendritic cells" (2003) clinical Immunology vo. 108 p. 89-94 
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Specification also describes fusion molecules where the first and second polypeptide 
sequences of the fusion molecule are connected by use of linkers (see Specification 
page 27, lines 4-15). Also, the fusion molecules may contain post translational 
modifications, either naturally occurring or artificial, for example, acetylation, 
glycosylation or prenylation (as described in the Specification at page 21 , line 4 - 24). 
The Specification describes advantageous fusion molecule variants (page 21, line line 
25 - page 23, line 3), where the variants have improved affinity for their respective IgG 
or IgE receptors (Specification, page 34, line 24 - page 35, line 25). The Specification 
describes fusion molecules comprising multiple copies of IgG and autoantigen (page 
54, lines 18-21). Fusion polypeptides further comprising signal sequences for 
intracellular localization or extracellular export (page 63, lines 20-22), and peptide 
sequence tags to facilitate fusion molecule purification the fusion molecules (page 63, 
line 32 to page 64, line 3) are also described. 

In view of the fusion molecules described above and the level of skill in the art, 
Applicant asserts that sufficient representative fusion molecules are adequately 
described in the Specification (without undue detail) to support a genus of fusion 
molecules, as recited in Claim 1, and all claims dependent on Claim 1. Applicant 
respectfully requests the withdrawal of this rejection. 

Fusion Molecules Comprising First and/or Second Polypeptide Sequences Having 
"85% Sequence Identity " with an Ig Heavy Chain Constant Region are Adequately 
Described 

The Examiner alleges that the Specification fails to provide sufficient written 
description of polypeptides having at least 85% sequence identity with the IgG constant 
domain sequences (e.g., 85% sequence identity with SEQ ID NO: 3) where the 
molecules retain biological activity. 

Applicant respectfully traverses the rejection. Applicant points out that the 
Specification describes methods for the determination of percent identity between two 
amino acid sequences (see Specification, page 23, lines 4-13). Also, the Specification 
provides examples of prior art that describes numerous Ig Fc polypeptides having at 
least 85% sequence identity with the Fc sequences of SEQ ID NO: 3 (see, the 
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Specification at page 26, line 19 to page 27, line 6). The Specification also describes 
methods for the identification of Ig Fc sequences having at least 85% sequence identity 
with the constant domain sequences of SEQ ID NO: 3 (see the Specification at page 
23, line 16 to page 24, line 12). Alternatively still, one of ordinary skill in the art can 
readily engineer novel Fc domains having at least 85% sequence identity with the 
constant domain sequences of SEQ ID NO: 3 using recombinant DNA/protein 
engineering techniques. 

Applicant points out that all pending claims reciting polypeptides having at least 
85% sequence identity with IgG Fc domains (e.g., having 85% sequence identity with 
SEQ ID NOs: 3) contain the functional limitation that the polypeptides also have the 
ability to bind to the IgG cell surface receptor. The Specification provides description of 
this limitation where the amino acids necessary for receptor binding and biological 
activity (page 35, lines 1-25) and methods to determine the affinity of an Fc domain for 
its cognate receptor (see, for example, page 55, lines 15 - 25) are described. 

Applicant argues that the Specification provides adequate written description for 
fusion molecules comprising polypeptides having at least 85% sequence identity with 
IgG constant domain sequences (e.g., 85% sequence identity with SEQ ID NO: 3), 
especially in view of the state of the prior art, and the high level of skill in the art. 
Applicant further argues that the scope of the claims finds written description 
throughout the Specification, and are allowable. The Examiner is respectfully requested 
to withdraw this rejection. 

7. Rejection under 35 U.S.C. S 112. second paragraph 

Claims 12 and 13 stand rejected under 35 U.S.C.§ 112, second paragraph as 
being indefinite for failing to point out and distinctly claim the subject matter which 
applicant regards as the invention. 

The "said IgE receptor" in claims 12 and 13 allegedly does not have antecedent 
basis in claim 1 1 . The "FceRI IgG receptor" in claim 12 is indefinite because the FceRI 
receptor is an IgE receptor. 
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Applicant has amended claims 11 and 12 to clarify the language of the claims. 
These amendments remove any basis for these rejections and withdrawal of the 
rejections is respectfully requested. 

8. Rejection under 35 U.S.C. S 102(b) 

Claims 1-4. 9-11. 15-16. 22-28. 32-34 and 40-41 stand rejected under 35 U.S.C. 
§ 102(b) as being anticipated by U.S. Patent No. 5,420,247 (May 30, 1995). 

The office action states that the '247 patent allegedly teaches an isolated fusion 
molecule comprising a first polypeptide such as human IgG Fc constant region directly 
functionally connected to a second autoantigen polypeptide sequence such as human 
LIFR that is capable of specific binding to LIP ligand through a third polypeptide 
sequence, such as a polypeptide linker. 

Applicant has cancelled claims 2-3 and 15, without prejudice. Withdrawal of the 
rejection with respect to these claims is requested. 

Applicant traverses this rejection for the following reasons: 

Applicant has amended Claim 1 to recite an isolated fusion molecule comprising 
a first polypeptide sequence having at least 85% Identity with an IgG heavy chain 
constant region sequence capable of specific binding to a native IgG inhibitory receptor, 
directly functionally connected to a second polypeptide autoantigen sequence 
comprising at least 90% sequence identity to at least a portion of the amino acid 
sequence of myelin basic protein (MBP) and capable of specific binding, through a third 
polypeptide sequence specific for myelin basic protein, to a native IgE receptor 

The standard for anticipation under 35 U.S.C. § 1G2(b) is strict identity. 
Anticipation under § 102(b) can only be established by a single prior art reference that 
teaches each and every element of the claimed invention {Structural Rubber Products 
Co. V. Park Rubber Co. 223 USPQ 1 264 (1 984)). 

The '247 patent does not teach a fusion molecule comprising at least 90% 
sequence identity to at least a portion of the amino acid sequence of basic myelin 
protein (MBP). The'247 patent does not teach each and every element of the claimed 
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invention. Accordingly, tlie "247 patent does not anticipate claim 1 as amended. 
Withdrawal of this rejection is respectfully requested. 

r 

9. Rejection under 35 U.S.C. S 103fa) over U.S. Patent 5.420. 247 in view of 
W095/14779. Basu et al. and Daeron et al. 

Claims 1, 3 and 11-14 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over U.S. Patent No. 5,420,247 in view of W095/14779, Basu et al.. (J. 
Biol. Chem 268(18) 1311 8-27) and Daeron et al., (J. Clin Invest) 

The Office Action states that it would have been obvious to one having ordinary 
skill in the art at the time the invention was made to substitute the LIF-R in the fusion 
molecule as taught by the '247 patent for the human IgE heavy chain constant region 
that binds to an high affinity IgE receptor as taught by the WO 95/14779 publication and 
Basu et al. and low affinity IgE receptor as taught by Daeron et al. for a fusion molecule 
comprising a first polypeptide IgG heavy chain constant region that is capable of 
binding to IgG inhibitory receptor such as low affinity FcKRIIb connected to an IgE 
heavy chain constant region sequence that is capable of binding to an IgE receptor 
such as high affinity receptor or low affinity receptor through a third polypeptide linker 
sequence to inhibit IgE induced mediator release. 

Applicant traverses this rejection for the following reasons: 

Applicant has amended Claim 1 to recite an isolated fusion molecule comprising ' 
a first polypeptide sequence having at least 85% identity with an IgG heavy chain 
constant region sequence capable of specific binding to a native IgG inhibitory receptor, 
directly functionally connected to a second polypeptide autoantigen sequence 
comprising at least 90% sequence identity to at least a portion of the amino acid 
sequence of myelin basic protein (MBP) and capable of specific binding, through a third 
polypeptide sequence specific for myelin basic protein, to a native IgE receptor. 

The "247 patent teaches LIF-R proteins. The '247 patent teaches that the LIF-R 
peptide may be fused to an antibody Fc region, which comprises the hinge region in 
order to allow dimerization of the peptide chains through binding of the cysteine 
residues in the hinge region. 
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W095/14779 teaches mutated human IgE fragments cx)mprising the second, 
third and fourth constant region domains of the IgE heavy chain. The publication 
teaches mutated glycosylated polypeptides which include at least a part of the IgE 
heavy chain sufficient to bind to the FceRI or FceRII receptor sites on human cells which 
are useful in the investigation and amelioration of allergic conditions. W095/14779 
does not teach or suggest directly linking the IgG heavy chain constant region with a 
myelin basic protein fragment in one molecule. 

Basu et al., teach that the Fc region of IgE comprising epsilon 2, epsilon 3 and 
epsilon 4 domains are sufficient for binding to the IgE high affinity receptor. Basu does 
not teach or suggest directly linking the Fc region of IgG with a myelin basic protein 
fragment in one molecule 

Daeron et al. teach that lipking the FceRI receptor with the FckRII low affinity 
receptor will result in inhibition of IgE Induced release of mediator and cytokines. 
Daeron et al. accomplishes this linkage by establishing an artificial system, using a rat 
basophilic leukemia ceil transfected with mouse FcyRII and naturally expressing rat 
FcfRI receptor. The cells were then exposed to three different antibodies to link the 
mouse FckRII with the rat FceRI receptor. These antibodies were rat anti-mouse 
FckRII/III Fab'2; mouse anti-rat Ig Fab*2 and rat IgE. There is no teaching or 
suggestion in Daeron et al. to make a single molecule linking the Fc regions of IgG with 
a myelin basic peptide fragment. 

The claimed invention is not obvious in light of the combination of the cited 
references for the following reasons. 

Where claimed subject matter has been rejected as obvious in view of a 
combination of prior art references, a proper analysis under 35 U.S.C. §103 requires, 
inter alia, consideration of two factors: (1) whether the prior art would have suggested to 
those of ordinary skill in the art that they should make the claimed composition or 
device, or carry out the claimed process and (2) whether the prior art would also have 
revealed that in so making or carrying out, those of ordinary skill would have a 
reasonable expectation of success. In re Vaeck 947 F 2d 488, 20 USPQ2d 1438 (Fed. 
Cir. 1991). 
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First, there is no teaching or suggestion in the combination of the references to 
fuse the heavy constant region of the IgG molecule with a myelin basic peptide 
fragment. While the '247 patent teaches LIF-R fused with IgG, the purpose of adding 
IgG was to generate a dimer molecule. Both W095/14779 and Basu teach the region 
of the heavy chain of IgE which binds to the IgE receptor. Neither teaches or suggests 
fusing the heavy chain region of IgG with a myelin basic peptide fragment. Finally 
Daeron, while suggesting indirectly linking the FceRI receptor with the Fc^RII receptor, 
does not teach or suggest fusing the heavy chain region of IgG with a myelin basic 
peptide fragment. 

Secondly, there is no motivation in the cited references to combine the teachings 
of the references to arrive at the claimed invention. The '247 patent uses the IgG heavy 
chain region to generate a dimer molecule to obtain the biologic function of LIF. It 
provides no.motivation to replace the LIF-R4 peptide with an MBP peptide in which the 
MBP serves as an immunogen/tolergen. Daeron et al. discusses the advantages of 
linking the FceRI receptor with the FckRH receptor. However, Daeron proposes a 
solution to this using multiple antibody molecules. There is no motivation in Daeron to 
fuse the heavy chain of IgG with a myelin basic peptide. Accordingly, Daeron does not 
provide motivation to generate a fusion molecule comprising the heavy chain constant 
region of IgG fused to a myelin basic peptide. If anything. Daeron et al., teaches away 
from the claimed invention by teaching that linking of the FceRI receptor to the FckRII 
receptor can be achieved through the use of multiple antibodies. 

Finally, none of the references, either alone or in combination provides a 
reasonable expectation of success from the claimed invention. 

Absent a suggestion in the art to make the claimed invention, a motivation in the 
cited references to combine the references into the claimed invention and a reasonable 
expectation of success, the claimed invention is not obvious. Withdrawal of this 
rejection is respectfully requested. 

10. Rejection under 35 U.S.C. S 103(a) over U.S. Patent 5.420. 247 in view of 
Warren et al. 
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Claims 1 , 3 and 7-8 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over U.S. Patent No. 5,420,247 in view of Warren et al. (Proc. Natl. Acad 
Sol USA 92: 11 061 -65 (1995)). It allegedly would have been obvious to substitute the 
LIF-R in the fusion molecule as taught by the '247 patent for the autoantigen such as 
myelin basic protein (MBP) as taught by Warren et al. for a fusion molecule comprising 
a first polypeptide IgG heavy chain constant region connected to myelin basic protein 
through a polypeptide linker as taught by the '247 patent and Warren et al. From the 
combined teachings, a skilled practitioner would allegedly have had a reasonable 
expectation of success in producing the claimed invention. 

Applicant has canceled claims 3 and 7-8 without prejudice. Withdrawal of this 
rejection is requested for these claims. 

Applicant has amended Claim 1 to recite an isolated fusion molecule comprising 
a first polypeptide sequence having at least 85% identity with an IgG heavy chain 
constant region sequence capable of specific binding to a native IgG inhibitory receptor, 
directly functionally connected to a second polypeptide autoantigen sequence 
comprising at least 90% sequence identity to at least a portion of the amino acid 
sequence of basic myelin protein (MBP) and capable of specific binding, through a third 
polypeptide sequence specific for myelin basic protein, to a native IgE receptor 

The teachings of the '247 patent have been discussed. The '247 patent does 
not teach or suggest a fusion molecule of the IgG heavy chain constant region fused to 
an MBP peptide. 

Warren et al., teach autoantigen sequences such as myelin basic protein and 
various antigenic epitopes or fragments thereof such as MBP84-93. Warren et al. 
teach that free and/or cerebrospinal fluid tissue bound autoantibodies to MBP are found 
in a large number of patients with MS and optic neuritis. Increased anti-MBP levels are 
highly associated with disease activity. Warren does not teach or suggest fusion 
molecules of the MBP peptide with the IgG heavy chain constant region. Warren does 
not teach or suggest the administration of an IgG Fc-MBP peptide fusion polypeptide to 
persons for the treatment of multiple sclerosis. 

The claimed invention is not obvious for the following reasons. 



27 



Application No.: 10/000,439 

Filed: October 24, 2001 
Docket No.: 39754-0674A 



Where claimed subject matter has been rejected as obvious in view of a 
combination of prior art references, a proper analysis under 103 requires, inter alia, 
consideration of two factors: (1 ) whether the prior art would have suggested to those of 
ordinary skill in the art that they should make the claimed composition or device, or 
carry out the claimed process and (2) whether the prior art would also have revealed 
that in so making or carrying out, those of ordinary skill would have a reasonable 
expectation of success. In re Vaeck 947 F 2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991). 

First, there is no teaching or suggestion in the combination of the references to 
fuse the heavy constant region of the IgG molecule with a myelin basic peptide 
fragment. While the '247 patent teaches LIF-R fused with IgG, the purpose of adding 
IgG was to generate a dimer molecule. While the Warren et al. reference teaches MBP 
peptides there is no teaching or suggestion to combine the peptide with an IgG Fc 
region. 

Secondly, there is no motivation in the cited references to combine the teachings 
of the references to arrive at the claimed invention. The '247 patent uses the IgG heavy 
chain region to generate a dimer molecule to obtain the biologic function of the LIF 
molecule. It provides no motivation to replace the LIF-R4 peptide with an MBP peptide 
in which the MBP serves as an immunogen/tolergen. There is no motivation in Warren 
et al. to attach the MBP peptide to an IgG heavy region. There is no motivation to 
generate a compound comprising the MBP peptide. 

Finally, none of the references, either alone or in combination provide a 
reasonable expectation of success from the claimed invention. 

Absent a suggestion in the art to make the claimed invention, a motivation in the 
cited references to combine the references into the claimed invention and a reasonable 
expectation of success, the claimed invention is not obvious. Withdrawal of this 
rejection is respectfully requested. 

11. Rejection under 35 U.S.C. S 103(a) over U.S. Patent 5.420.247 in view of U.S. 
Patent 5.565.335 
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Claims 1-4, 15 and 18-21 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over U.S. Patent No. 5,420.247 in view of U.S. Patent 5,565,335. Tlie 
Office Action states that it would have been obvious to one having ordinary skill in the 
art at the time to substitute the Fc polypeptide in the fusion protein as taught by the '247 
patent for the human IgGI Fc having an amino acid sequence at lest 97.2% identical to 
the claimed SEQ ID N0:3 for a fusion molecule comprising a human IgG Fc constant 
region functionally connected to any second autoantigen polypeptide sequence such as 
a human LIFR, or myelin associated protein or CD4 through a third polypeptide 
sequence such as a polypeptide linker. One having ordinary skill in the art would 
allegedly be motivated to do this because the '247 patent teaches that IgG Fc fusion 
molecule can be easily purified and the '335 patent teaches that Fc fusion molecules 
enhance the plasma half-life of the fusion molecule. 

Applicant has canceled claims 2-3 and 15 without prejudice. Withdrawal of this 
rejection is requested for these claims. 

Applicant has amended Claim 1 to recite an isolated fusion molecule comprising 
a polypeptide sequence having at least 85% identity with an IgG heavy chain constant 
region sequence capable of specific binding to a native IgG inhibitory receptor, directly 
functionally connected to a second polypeptide autoantigen sequence comprising at 
least 90% sequence identity to at least a portion of the amino acid sequence of basic 
myelin protein (MBP) and capable of specific binding, through a third polypeptide 
sequence specific for myelin basic protein, to a native IgE receptor. 

U.S. Patent 5,420,247 has already been discussed. 

U.S. Patent No. 5,565,335 teaches soluble secreted adhesons comprising the 
CD4 protein. The CD4 adheson ordinarily binds to the recognition sites of HIV and the 
purpose of the patent is to design candidates for therapeutically sequestering these HIV 
sites, thereby blocking viral infectivity. The '335 patent teaches fusing the CD4 
polypeptide with a protein with a long plasma life such as an immunoglobulin constant 
domain. The purpose of this fusion is to increase the half-life of the CD4 polypeptide. 
The '335 patent teaches the CD4 peptide linked to the IgGI heavy chain constant 
region. The '335 patent teaches that adhesons are cell surface polypeptide having an 
extra-cellular domain which is homologous to a member of the immunoglobulin gene 
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superfamily, excluding however, highly polymorphic members of the superfamily. (Col. 
4, lines 7-14). The patent lists a number of examples of adhesions. Myelin basic 
protein is not an adheson. There is no teaching or suggestion of autoantigens. There 
is no teaching or suggestion in the '335 patent to replace the CD4 molecule in the 
immunoadheson with an MBP peptide. Such a replacement would be against the 
purpose of the '335 patent. 

The claimed invention is not obvious in light of the references for the following 
reasons. 

First, there is no teaching or suggestion in the combination of the references to 
fuse the heavy constant region of the IgE molecule with a myelin basic peptide 
fragment. While the '247 patent teaches LIF-R fused with IgG, the purpose of adding 
IgG was to generate a dimer molecule. While the '335 patent teaches CD4 fused with 
IgG there is no teaching or suggestion to combine an MBP peptide with an IgG Fc 
region. 

Secondly, there is no motivation in the cited references to combine the teachings 
of the references to arrive at the claimed invention. The '247 patent uses the IgG heavy 
chain region to generate a dimer molecule to obtain the biologic function of the LIF 
molecule. It provides no motivation to replace the LIF-R4 peptide with an MBP peptide. 
The '335 patent teaches CD4 fused with IgG. There is no motivation in the '335 patent 
to replace the CD4 with an MBP peptide. 

Finally, none of the references, either alone or in combination provide a 
reasonable expectation of success from the claimed invention. 

Absent a suggestion in the art to make the claimed invention, a motivation in the 
cited references to combine the references into the claimed invention and a reasonable 
expectation of success, the claimed invention is not obvious. Withdrawal of this 
rejection is respectfully requested. 

12. Rejection under 35 U.S.C, S 103(a) over U.S. Patent 5,420, 247 in view of 
Elias et al. and Marks et al. 

Claims 1 and 29-31 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over U.S. Patent No. 5,420,247 in view of Elias et al., (J. Biol. Chem 
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265(26) 15511-17, (1990) and Marks et al.. (J. Cell Biol. 135(2) 341-354, (1996). The 
Office action states that it would have been obvious to add at least one amino terminal 
ubiquitination target motif such as large hydrophobic amino acid residue such as 
leucine as taught by Elias and Marks to the fusion molecule as taught by the '247 
patent to target the transmembrane protein such as IgFc connected to LIF-R through a 
peptide linker to route the fusion molecule to the lysosome and endosome antigen 
processing as well as modulating the half-life of the fusion molecule as taught by the 
•247 patent, Elias et al. and Marks et al. 

This rejection is traversed for the following reasons. 

Applicant has amended Claim 1 to recite an isolated fusion molecule comprising 
a first polypeptide sequence having at least 85% identity with an IgG heavy chain 
constant region sequence capable of specific binding to a native IgG inhibitory receptor, 
directly functionally connected to a second polypeptide autoantigen sequence 
comprising at least 90% sequence identity to at least a portion of the amino acid 
sequence of basic myelin protein (MBP) and capable of specific binding, through a third 
polypeptide sequence specific for myelin basic protein, to a native IgE receptor. 

The claimed invention is not obvious in light of the combination of the cited 
references for the following reasons. 

The '247 patent has already been discussed. 

Elias et al. teach N terminal residue of the protein is one important structural 
determinant recognized by ubiquitin ligase to conjugated protein to ubiquitin for protein 
degradation. Elias et al. teach hydrophobic amino acid residues such as leucine or 
basin amino acid residues such as histidine, arginine and lysine determine the half-life 
of the protein. 

Mark et al. teach that adding ubiquitination target motifs such as bulky 
hydrophobic group di-leucine motifs to any protein would target the protein to the 
lysosome or endosomal compartments for antigen processing. 

Where claimed subject matter has been rejected as obvious in view of a 
combination of prior art references, a proper analysis under 103 requires, inter alia, 
consideration of two factors: (1 ) whether the prior art would have suggested to those of 
ordinary skill in the art that they should make the claimed composition or device, or 
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carry out the claimed process and (2) whether the prior art would also have revealed 
that in so making or carrying out, those of ordinary skill would have a reasonable 
expectation of success. In re Vaeck 947 F 2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991). 

First, there is no teaching or suggestion in the combination of the references to 
fuse the heavy constant region of the IgG molecule with a myelin basic peptide 
fragment. The '247 patent does not teach or suggest the fusion of a heavy constant 
region of the IgG molecule with a myelin basic peptide fragment. The Elias and Marks 
references do not cure this deficiency. 

Secondly, there is no motivation in the cited references to combine the teachings 
of the references to arrive at the claimed invention. The '247 patent uses the IgG heavy 
chain region to generate a dimer molecule. It provides no motivation to replace the LIF- 
R4 peptide with an MBP peptide. The Elias and Marks references do not cure this 
deficiency. 

Finally, none of the references, either alone or in combination provide a 
reasonable expectation of success from the claimed invention. 

Absent a suggestion in the art to make the claimed invention, a motivation in the 
cited references to combine the references into the claimed invention and a reasonable 
expectation of success, the claimed invention is not obvious. Withdrawal of this 
rejection is respectfully requested. 

13. Rejection under 35 U.S.C, S 103fa) over U.S. Patent 5.420, 247 in view of 
U.S. Patent No, 5,945,294 

Claims 1, 3 and 42-44 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over U.S. Patent No. 5,420,247 in view of U.S. Patent No. 5,945,294. 
The Office Action states that it allegedly would have been obvious to substitute the 
human Fc epsilon receptor as taught by the '294 patent for the fusion protein as taught 
by the '247 patent in the kit for diagnostic assays. 

Applicant has canceled claim 3 without prejudice. Withdrawal of this rejection is 
requested for this claim. 

Applicant has amended Claim 1 to recite an isolated fusion molecule comprising 
a first polypeptide sequence having at least 85% identity with an IgG heavy chain 
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constant region sequence capable of specific binding to a native IgG inhibitory receptor, 

directly functionally connected to a second polypeptide autoantigen sequence 
comprising at least 90% sequence identity to at least a portion of the amino acid 
sequence of basic myelin protein (MBP) and capable of specific binding, through a third 
polypeptide sequence specific for myelin basic protein, to a native IgE receptor. 
The '247 patent has been discussed. 

The '294 patent teaches diagnostic kits for IgE detection comprising human Fc 
epsilon receptor and an allergen. 

Neither the "247 nor the '294 patent nor a combination of both teaches or 
suggests the fusion protein of the IgG Fc region with the MBP peptide in a kit. Absent 
such a teaching or suggestion, the invention is not obvious. 

Withdrawal of this rejection is respectfully requested. 

14. Rejection under iudiciallv created doctrine of obviousness-type double 
patenting as being unpatentable over claims 77. 79-81. 83-89 and 96 of copending 
Application No. 09/847.208. 

Claims 1-3, 11-28, and 40-44 stand provisionally rejected under the judicially 
created doctrine of obviousness-type double patenting as being unpatentable over 
claims 77, 79-81 , 83-89 and 96 of copending Application No. 09/847,208. 

Applicant has amended Claim 1 to recite an isolated fusion molecule comprising 
a first polypeptide sequence having at least 85% identity with an IgG heavy chain 
constant region sequence capable of specific binding to a native IgG inhibitory receptor, 
directly functionally connected to a second polypeptide autoantigen sequence 
comprising at least 90% sequence identity to at least a portion of the amino acid 
sequence of basic myelin protein (MBP) and capable of specific binding, through a third 
polypeptide sequence specific for myelin basic protein, to a native IgE receptor. 

Applicant has canceled claim 3. 

This rejection is traversed for the following reason. Application No. 09/847,208. 
does not claim a fusion molecule comprising a IgG Fc region fused to a myelin basic 
peptide fragment. 
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Withdrawal of this rejection is respectfully requested. 
Applicant believes that this application is in condition for allowance. 
Please direct any calls in connection with this application to the undersigned at 
the number provided below. 



HELLER EHRMAN WHITE & McAULIFFE LLP 
Customer No. 25213 

275 Middlefield Road 
Menio Park, California 94025 
Telephone: (650) 324-7000 
Facsimile: (650) 324-0638 



SV 2102443 v3 

3/22/05 2:58 PM (39754.0674) 



Respectfully submitted, 



Date: March 22. 2005 




Leslie A. Mooi 
Reg. No. 37,047 
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Deciphering the Message in Protein Sequences: 
Tolerance to Amino Acid Substitutions 

James U. Bowie,* John F. Reidhaar-Olson, Wendell A. Lim, 

Robert T. Sauer 



An amino add sequence encodes a message diat deter- 
mines the shape and function of a protein. This message is 
htgt ily degenerate in diat.many different sequences can 
code for proteins with essentially the same structure and 
activity^ Con^iarison of different sequences with similar 
mess^es can reveal key features of the axle and iioiprove 
understanding of how a protein folds and how it per- 
fomms its function. 

• ^ I ' 

THE GENOME IS MANIFfiSTf lARGisLY IN THB SKT OH PRO> 
tcins diat it encodes. It is the ability of these proteins to fold 
into unique threc*dinicnsional structures that allows them to 
function and cany out the instructions of the genome. Thus, 
comprehending the niles that relate aniino add sequence to struc- 
ture is fundaxncntal to an undcrstandii^ of biological processes, 
ikcause an amino acid sequence contains all of the information 
ncccssar)' to determine the structure of a protein {1\ it should be 
possible to ptedia structure from sequence, .and subsequently to 
infer Retailed aspects of function from the stmcturc. However, both 
problems are extremely complex, and it seems unlikely that cither 
will be solved in an exact manner in the ojcar futiue. It may he 
possible to obtain approxiniate solutions by using experimental data 
to simplify the probleai In dtis article, we describe how an analysis 
of allowed aniino acid suhstitudons in proteins can be used to 
reduce die complexity of $ci]uenccs and reveal important aspects of 
structure and function. 



Methods for Studying Tolerance to 
Sequence Variation . 

Tlicrc arc two main apjprbaches to studying the tolerance of an 
amino acid sequence to chingc. The fine method relies on the 
process of evolution, in which mutations are either accepted or 
rcjcacd by niaairal sclectipn. This method has been extremely 
powerful fbr proteins such as the globins or cytochromes, for which 
sequences firom many different species arc kiK>wn (2-7). The second 
approach uses genetic mediods to introduce amino acid changes at 
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specific positions in a cloned goic and uses sclcaions or screens to 
identify functional sequences. This approach has been used to great 
advantage for proteins diat ciui be expressed in bacteria or yeast, 
where the appropriate gaictic manipulations arc possible (J, S-1 1), 
The end results of both methods are lists of active sequences that can 
be compared and anaijrzed to identify sequence features that are 
essential for folding or fiinaion. If a particular property of a side 
chain, such as charge or sizc> is imporunt at a given position, only 
side chains that have the required property will be allowed. 0>n- 
verscly, if die cliemicai identity of the side chain is luijmportant, 
dien many different substitutions will be permitted. 

Studies , in whidi these nicthods were used have revealed diat 
proteins are surprisingly tolerant of amino acid substitutions (2-4, 
U). For example, in smdyirig the eftcts of approximately ISOO 
single amino acid substitutions at 142 positions in lac repressor, 
Miller and co-workers found that about one-half of ail substitutions 
were phcnot)'pically silent (U). At some positions, many different, 
noncoiiscrvativc substitutions were allowed. Such residue positions 
play litde or no role in structure and function. At other positions, no 
substitutions or only conservative substitutions were allowed. These 
residues are the mosr important for lac repressor aaivit}'. 

What roles do invariant and conserved side chains play in 
proteins? Residues that are dircaiy involved in protein functions 
such as binding or catalysts will certainly be among the most 
conserved. For example, replacing the Asp in the catalytic triad of 
trypsin with Asn results in a 10^-fold reduoion in artiyity {12), A 
similar loss of aaivity occurs in X repressor when a DNA binding 
residue is changed from Asn to Asp (13), To can)' out their 
function, however, these catalytic residues and binding residues 
miist be precisely oriented in dircc dimensions. G)nscquently, 
mutations in residues tliat are required for structure formation or 
stability can also have dramatic effects on activit)' {10, 14-16), 
Hence, many of the residues that are conserved in sets of related 
sequences play stnictund roles. 



Subsdtudons at Sur£ice and Buried Positions 

In their initial cojTipari.soas of the globin sequences, Penitz and 
oo-workers found that most buried re.Mdues require nonpolar side 
chains, whereas few features of surface side chains arc generally 
cxjn^rvcd {6). Similar results have been seen fbr a number of protein 
families {2, 4, 5, 7, 17, IS). An example of die sequence tolerance at 
surface versus buried sites can be seen in Fig. 1, which shows the 
allowed substitutions in X repressor at residue position^ that are near 
die dimer interface but distant from the DNA binding siufece of the 
pruiein (9). These substitutions were idenniied by a funcnonai 
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. Rg- 1* (A) Aniiuo acid substitutions allowed in a 
S short w^ion of X repressor. The wild-type sc- 
. qiiencc is shown aloug tiic oenrer liiic. The al- 
lowed suhstmiiioiis shown above each position 
>fttre identified by randomly mutating one to 
three oodom at a time by using a cassette method 
• and applying a lunctiunal selection (9). (B) The 
fractional solvent accessibility {42) of the wild- 
: type, side chain in the protein dimer (4J) relative 
to the aune atoms in an Ala-X-Ala mAKlel tripcp- 
:tidc. 
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Mai kM 



Arg Asp 

Gki Oh 

Str Bf 

Tftr Tlif 



<^ 

Mi MM 

Tip Tip 



cay Leg Ser L«u Leu 
Pio Ma fla V« VII 



cm 

Tyr Ser His 

Cyf llr Scr Sar 

Ala Ova Thr 

ftXai Ala Cya 

Tip Ma Mat Alft 

Vd Mat Tip Uu 

Plia Lta t«u val 
la 



Sar 




62 83 84 85 

Posltioa 



86 87 88 88 90 .8t 



f|||kti6ti .^tter cassette tnutagencsis. A tiistogranii qf side diain 
lliiv accessibility in chc crystal scihicture of the ciiiner is also 
^|^)||i^3OTi .in^F^^ six positions, only the wUd-typc rc5jdiie:or 
^^illSiglvc^^^ subsdtutioQS are allowed. . Five of these 

are buried in the pfutcin.. In conerast,. most of the liighly 
'^^^i;^^sed positions tolerate a yiidc ran^ of chcitiicaly dificrcnt side 
^l^ljl^Lj^ hydrophiUc and t^drophohic residues, Heiice, k 

;^|||:i^^BniiS thait mosj^ of the structiinil iiifotmatioh in tliis region of the 
^?|^^||iEin is earned by the resid^es tiiat are soivait onaccessible. 



;:|^^|n5tram on Gore Sequences 

Ifi^usc core residue positions appear to be extremely important 



protein folding or istability, Ave miist understand the factors that 
r whether a given core sequence will be acceptable. Iti general, 
..|:^y hydrophc^ic.or neutral residues arc tolerated buried sites in 
^llf^i^wins^u^ubtccU because of the large favorable contribution of 
||<|b|;ljydiio^ effect to pnncin stability^ (/^; For example. Fig: 2 
^^i^Ws tlie tesults of genetic studies iiscd to invesdgarc the subsrttu^ 
aUowed at reiidue posinons dut fonn the hydrophobic core of 
jll^vNHrtcrminal domain of X repressor (205.;TlTe acceptable core 
|||q^hces are cqmposecfidniost exchisivefy of Ab, Cy^^ Thr^ V^, lie, 
W^iiH^ and Phc; Iht acceptability of inany different residiues at 
f i^epi foire pasiidort presumably reflects the feet that the hydrophobic 
unlike hydrogen boindiiig, does not depend on ' Speci£c 
tiie pairings. Although it is possible to imagine a hypodiedcal 
structure tim is: stabilized exclusively by residues forming 
ll^f^li't^gen bonds and salt bridges, sudi a core would probably be 
Kv^;;^?i>fc to cnn&t^ because hydrogen bonds require pairing of 
lillpii?^ in an exact geometry. Thus die repertoire of 

' ' "^jble structures that use a polar core woiiid probably be extreme- 
^^^I^T^tcd (21). Ppla|-.and duuged residues arc occasionally foilnd in 
||^ c^ of proteins, but only at posidons where their hydrogen 
PlilNi^^ nee«is can be satisfied (22). 

*^^^|i(lTie cores of most proteins arc quite closely packed (23), but some 
I^Htiinc changes: are acceptable. In X repressor, the overall. core 
>.|^^|ume of acceptable soquaices can vacy by about 10%. Changes at 
ll^iyidual sites, ix>wcvcr, can be considerably larga. For example, 
;||i;?hown in Fig. 2, both Phc and Ala are albwcd at tlie same core 
appropriate sequence contexts. Large volume 
buried sites have also been observed in 



phylogenctic studies, where it haii been noted that die size decreases 
and increases at inrcracdng residues are not necessarily related in a 
simple complementary ^ion (5, 7, 77). Rather, local volunie 
changes are accommodated by confbnhadonal changes in nearby 
side chatm uid by a variiny of backbone roovemciits. 



The Infonnational Importance of the Core 

With occasional cxcepdons, the core must rcntaiin hydrophobic 
and maintain a reasonable packing density. However, since the core 
is composed of side chains that can assume only a limited number of 
conformations (24), efficient packing hiust be maintained without 
stcric dashes. How important . are hydn>phobicity, volume, and 
stcric complementarity in determining whether a given sequcna: can 
form an acceptable core^ Cadi factor l< essential. iii a physical sense, 
as a stable core is piobabfy unable to tderate unsatisfied hydrogjen; 
bonding groups^ large holes, or steric overlaps (25). Howcyef, b an; 
infbtmational sense, these fiictors are not equivalent. For examples >n i 
experiments in which three core residues of X teprcssor werci 
mutated simultaneously, yolome was a relatively uninipottant infor- 
mational constraint because thrce-quactcrs oFall jxissibk cunibina-^ 
dons of the 20 naturally occurritig amino acids had volumes within 
-the range tolerated in the core, and yet most of these sequences were 
unacceptable (20). In conixast, of the sequences; that coritaiixiedonljr • 



»^||i«idon in the 

at individual 



Fig. 2. Amuio acki suhstitii- 
tions aikwed in the core of X 
repressor. The wild-type .^ide 
chains are shown pictorialiy in 
the approximate oricniatioh 
seen in the crystal structure 
{43). The lists of aibwcd sul>' 
srltutions at each posidon are 
shown' bek>w the wild-type 
side chains, these suhsritu- 
rioils were identified by ran- 
donily mutating one to four 
residues at a dmc by .usin^ a 
cassette method and applying 
a hinctiorial selection (20). 
Not all substitutions arc al- 
lowed in c\'ery sequence back- 
g^xHind. - 
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tlic appropriate hydrophobic residues, a significant fraction were 
acceptable: Hence, the hydiophobidty of a sequence contains 
more mformation about its potential acceptability in the core than 
docs the total side cliain volume. Stcric compatibility was intcrmcdi. 
ate between volume and hydrophobidty in informational impor- 
tance. 

The Informational Importance of Surface Sites 

We have noted rfiat many surface sites can ipicratc a wide variety 
of side chains, including hydiophilic and hydrophobic residues. Th is 
result might be taken to indicate that surface positions contam htile 
structural information. However, Bashfbrd ef in an extensive 
analysis of gjobin sequences (4), found a strong bias against U^e 
hydropliobic residues at many surface posiripns: At onc lcvel, this 
may rcflca constraints imposed by protein «|olubiliiy, because large 
patches of hydrophobic surface residues would presumably lead to 
aOTcgatidn. At a more fvuldamcntal level, prc)teinjfpiding requires a 
partitioning lietwccn surface and buried positions. Consequently, to 
achieve a unique native state without significant competition from 
oAer COTfwmations, it may be important dut some sites have a 
decided preference for exterior rather than interior positions. As a 
result, many surface sites can accept hydrophobic residues individ- 
ually, but the surface as a whole can probably tolaatc only a 
moderate number of hydrophobic side chains. 

< 

Idoitification of Residue Roles from 
Sets of Sequences 

C^n, a protein of interest is a member of a family of related 
sequences. What can we infiar fiom the pattern of allowed substini- 
tions at pb5iti<Mis in sets of aligned sequences generated by genetic 
or phybgcnetic metfiods> Residue posidons diat can accept a 
number of different side chains, including charged and higlify polar 
residues, are almost certain to be on die protein surface. Residue 
positions diat remain hydrophobic, whether variable or not, are 
likely* to be buried within the stzucture. In Fig. 3, those residue 
positions in X repressor that can accept hydrbphilic side chains are 
shown in orange and riiosc that cannot accept hydrophilic side 
chains arc ihorni in green. The obligate hydrophobic positions 
.define the core of the 'structure, whereas positions diat can accept 
hydiophilic side chains define the surfiicc. 

Functionally important residues should be conserved in sets of 
acdve sequeiiccs, but it is not possible to decide whether a side chain 
is functionally 6r structurally important just because it is invariant or 
conserved. To make diis distinction requires an indepaident assay of 
protein folding. Tlie ability <^ a mutant.protein to maintain a stably 
folded structure can often be measured by biophysical techniques, 
by susceptibility to intracdiular proteolysis (2^, or by binding to 
antibodies spedfic for tht native structure (27, 28), In the latter 
qttcs, it is possible to screen proteins in mutated clones for the 
ability to fold even if dicsc proteins arc iriactive. Sets of sequences 
dut allow formation of a stable stnictiire can. then be compared to 
die sees dut albw bodi fbldihg and fimction, wirii die active site or 
binding residues being diose that are variable in die set of stable 
proteins but invariant in the set of functional proteins. The DNA- 
bindsng residues of Arc repressor were identified by this mcdiod {8). 
Tlic receptor-binding residues of human growth hormone were also 
identified by comparing die stabilities and activities of a set of 
mutant sequences (28). However, in this case, the mutants were 
generated as hybrid sequences between growth hormone and related 
honiKMics wirh. difieient binding spccificiries. 

1308 



Implications for Structure Prediction 

At present, the only reliable mcdiod for predicting a low- 
resolution tertiary structure of a new protein is by identifying 
sequence similarity 00 a piutein wliosc structure is already known 
[29, 30). However, it is often difficult to align sequences as the fcvel 
of sequence similarity decreases, and it is sometimes impossible to 
detect statistically significant sequence similarity between distandy 
related proteins. Because die numbei* of known sequences is far 
greater dun die number of known structures, it would be advanta- 
geous to increase die teach of die available structural infoimution by 
improving mcdiods for deteaing distant sequence relations and for 
subsequently aligning diese sequences based on structural principles. 
In a normad homology search, die sequence database is scanned widi 
a single test sequence, and every residue must be weighted equally. 
However, some ressiducs are more important than others and should 
be weighted accordingly. Moreover, certain regions of die protein 
are more likely to contain gaps dun others. Both kinds of informa- 
ti(Mi can be obtained from sequence sets, and several techniques have 



Fig. 3. Tolerance of positions in die NHrtcnninal domain of X ^eprcssorto 
hydropluiic side chains. The uimpkat {43] of die repressor dimcr (Wuc) and 
operator DNA (white) is shown. In (A), position* that can tdcrate 
hydrophilic side chains are slwwn in omnge. The same skk chains are showff . 
in (B) without the remaining protein atonis. In (C), positiims dm reqiure : 
hydrophobic or neutral side chains are shown in green. These skk chaiiw arc 
shown in (D) wirixnit dw remaining protein atoms. About diree-fourths or 
the 92 side chains in die NHi-temiinal domain.are included in bodi (B) stfjd 
(D). The remaining positions have not been tested Data are from (P, 14, 2U. 
27,44). . I 

SCIENCE,. VOUa+7 
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.Ibeai used to combine such informarion into niorc appropriately 
if|>ycighred sequence searches and alignmeiits (31). These methods 
^JfWcrc used to align the sequences of retroviral proteases with aspartic 
.^l^piotcascs* which in turn albwed construction of a thrcc-dirnension- 
^1 inodcl for the protease of human immunodeficiency virus type 1 
^i<29). Comparison widi d\c recently determined crystal structure of 
li^this protein rcveaicd reasonable agreement in many areas of the 
^^C^dictcd structure (32). 

j flic structural information at most surfecc sites is highly dcg^aicr- 
ir^t^. Except for ftuKtidnally important residua^ exterior positions 
to be important chiefly in maintaining a reasonably polar 
^•l^yrfece. the inforfnaiion contained in buried residues is also 
^idlgcnenitc, the main requirement being that these residues remain 
^l^drophobic. Tlius, at its most basic level, the key structural 
^r*0i;tssagc in an amino acid sequezice may reside in its specific pattern 
hydrophobic and hydrophihc residues: This is meant in an 
|f^>rinational sense. Clearly, d\e precise structure and stability of a 
J|-|pjteio depends ou i lai^c - number of detailed interacrions. It is 
fij^ssiblcj however, that scnuxural jprediaion at a more primitive 
Pllivcl can be accomplished by corifxntrating on die most basic 
lii^rmational aspects of an amino acid scqueooc. For example, 
ila^phipathic patterns can be extracted from aligned sets of sequences 
If^Evi used* in some cases, to identify secondary structures, 
.ili-vjtf a region of secondary smicnire is padt»d gainst the hydropho- 
liiic core, a pattern of hydrophobic residues reflecting the periodicity 
^ll^dic secondary structure is expected (33; Thescjpattems can be 
|^£>bscurcd in individual sequences by hydrophobic feidues on tlie 
llpfptcin surface. It is rare, however, for ^ surface position to remain 
ih^iophobic over the course of cvohition. Consequently, the am- 
|i:^ipathic patterns expected for simple seoondaty structures can be 
||iiiuch clearer in . a set of related sequences (6), This prindpfe is 
lliillustratcd in Fig. 4, viiiich shows helical hydrophobic moment plots 
tl^fcr thc Antcnnapcdia homcodomain sequence (Fig. 4A) and for a 
JlciMnpositc. sequence derived from a set of liomobgous homcodo- 
||>itiain pmteins (Fig. 4B) (15). The hydrophobic moment is a simple 
pmcasuic of the degree of amphi{nthic character of a sequence in a 
' Vgiven secondary structure (34). The amphipathic charaacr of the 
,,;rtirce a-hclical regions in the Antennapcdia protein (36) is dearly 
,iF<i!tjvcaied only by the analysis of the combined set of homcodoihain 
l^j^uences. The secondary structure of Axe repressor, a small I)NA- 
llfBinding protein, w^ reccndy predicted by a similar method (S) and 
lll^ionfiinied by nuclear magnetic resonance studies (37). 

T^^ specific pattern' of Jhydrophobic and hydrophilic residues in 
.^anaxnino add sequence miist limit the numbcr.pfdiffcfrcnt structures 
^ia given scqupnce can adopt and may indeed define its overall fold. If 
|| aiis isr true,' then the arrangement of hydrophobic and hydrophilK; 
j^itsiducs should be a chari^cterisdc fraturc of a particular fold: JSwcet 
pkid Eisenbetg have shown diat the correlation of Ac partem of 
lii^^ydrophobicity between two protein sequences is a gpod criterion 
l^for rhdr structural rcfatediKSS (3S), In addition, several studies 
" jfdicatc dut patterns of obligatory hydrophobic positions identilied 
mWo^ aligned sequences arc distinctive features of sequences that 
f^klopt the same structure (4. 29, 38, 39). Thus, the order of 
^Slrydrophobic ajid hydrophilic residues in a sequence may actually be 
Inefficient information to determine the basic folding pattern of a 
' V protein .sequence. 

Although the -pattcm of sequence hydrophobicity may be a 
, -phtocicri^ feature of a particular fold, it is not yet clear how such 
|ii::pattcrns could be used for prediction of structure de novo. It is 
||;important to understand how patterns in sequence space can be 
^^iil^latcd to structures in conformation space. I'm and Dill have 
IJlpproachcd this problem by studying the properties of simple 
l^ioquenccs composed only of H (hydrophobic) and P<polar) groups 
^ two-dimensional lattices (40). An example of sucha rcprcscnu- 

pl»>IARCH 1990 



tion is shown in Fig. S. Residues adjacent in the sequence must 
occupy adjacent .squares on rilc lattice, and two residues cannot 
occupy the .same .space: Free energies of particular conformations arc 
evaluated with a single term, an attraction of H groups. By 
considering diains of ten residues, an exhaustive conformational 
search for all 1024 possible sequences of H and P residues was 
possible. For longer scqucnc»» only a representative fraction of the 
allowed sequence or conformation space could be explored. The 
significant results were as follows: (i) not all sequences can fold into 
a *?native" structure and only a few sequences form a unique native 
striicnire; (li) the probability diat a sequence wiil a^pt a unique 
native strucmrc iiicrcascs writh. chain letigth; and,(iii) the native, 
states are conipact, contairi a hydrophobic core surrounded by polar 
residues, and contain significant seconrfnry structure. Although the 
: gap between these two-dimensional simulations and threc-dirncn- 
sidnal stnicnin^s. is lairge, the use of simple rults and sequence 
rcpr«5entiti6ns yields results similar tb those expected for real 
proteins. Threc^limensib^^ lattice methods arc idso bc;ginning to 
be developed and evaluated (4f). 



Summary 

There is more infomution in a set of related sequences than in a 
single sequence. A number: of practical applications arise from an 
analysis of die tolerance of residue positions to diangc. First, such 
information permits die evaluation of a residue's importance ro the 
function and stability of a protein. This ability to identify .die . 
essential elements of a protein sequence may improx'e our under- 
stantiing of the dctcrmiiiants of protein foldir^ and sability as well 
as protein foacticxi. Sco^nd, patterns of tolerance to amino acid 
substitutions of var>'ing hydiophilicity can help to identify residues 
likely to be biiricd in a protein structure and those likely to occupy 



FIfl. 4. Helical h>xiro- 
phobic moments calcu- 
lated by using (A) the 
Antcnnapcdia lionicodor 
main sequence or (B) 2 
set of 39 aligned hpmeo- 
domain iscquencc$ {3S). 
The bars indicate the ex-, 
tient of the hcUcal. re- 
gions ideritified in nucle- 
ar magrKtic resonance 
studies of dsc Antennar 
pcdia homepdomain 
{36), To detenhine hy*. 
droftobtc momain; 
reddiMX were Wigiicd 
to one of three groups: 
HI (high hydrophobici^ 
ly- Jip, ik Phe, Lcuv 
Mcc Vat or qy$); H2 
(medioni bydrophobic- 
hy «Tyr,Piu,Ald, 7hr, 
On, Asn, Glu, Asp, Lyi, 




20 30 40 
CMterofwMdoitf 



His, GJy, or Scr); and H3 (kiw hydropliobicity . : ^ ^, . 

or Arg). For die aligned homeodomaih sequences, die lesidiics at each 
position were sorted by didr hydrophobicity by using the scale of Faucherc 
and Pliska (4S). A^ and Lys wcrp not counted unless no other residue vvas 
found at die position* bccaust they aintain long aliphatic side chains and oji 
dicrcbv substitute for nonpplar lesidiics at ftjmc buried sit«. To account for 
possible sequence enoni and rare cxccpriotw, the most hydrophilic residue 
aUowcd at each position was discarded unless it was observed twice. The 
second most hydiophilic residue was then chosen tu represent die hyUiojAch 
bicity of each position. An eight-residue window wa$ used and die vecti^fs 
projected radiaUy cvcrv KMT. The vector magnitudes wcrp assigned a va^ue of 
U 0^ or - 1 for positions wliac Ac hydmphobicky gn^up was HI, H2, or 
H3, rcspccrivciy. . 
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Rg. 5. A rcprcscncatton otonc com- 
pact conformanon for a particular 
sequence of H aiul P residues on i 
two-dimensional square lattice. 
{Ad^cd from {40), with permiS' 
sion of the Amcrkaa Chemical Soci- 
ety] 



surface positions. The amphipathic patterns that emerge con be used 
to identify probable regions of secondary structure. Third, incorpo- 
rating a knowledge of ailowed siibsdtuoons can improve tlic ability 
to detect and align distantly related proteins because the essential 
Fciidues can be given, prominaice in the alignment scoring. 

As morc.scquences arc detecmined; it becomes baeasingly likely 
that a pn)tcin of interest is a member of a family of related 
sequences. If this is hot the case> it is now possible to ixsc gcncdc 
roediods to generate lists of allowed amino add substitutions. 
Conkqucndy, at least in the shpit term, it a>ay not be necessary to 
solve the folding problem for individual pcotein sequences. Instead, 
inforn^ation fmm sequence sets could be used. Perhaps by simplify- 
ing sequence space tliTough the identification of key residues, and by 
simplifying conformation space as in the lattice methods, it will be 
possible to develop algoridyns to generate a limited ui^bcr of trial 
structures. These trial structures could then, in turn, be evaluated by 
fiutlier expcfiments^and more sophisticated energy calculations. 



. REFBRBNCEC^ AND NOTES 

1. C. J. E|»rcin, R. F. Gohibcrgcr. C. B. Anfimcn, CMd Sjnh^ Harhar Spup. Quaiil. 
Bioi IB, 439(1963); C B. Anfinsen, Sciata 181, 223 (1973). 

2. K. Diiiicoun, Set. Am. 242, 136 (March 1980). 

3. M. D. Hampscy; G. Das. F. Sherman, FF.BS Left. 231, 275 (1988). 

4. D. Bashfeid, C. Chodiia, A M. Letfc, / Mcf. Bict. 196, 199 (1987). 

5. A. M. LcsK and C Charhia, ibUt. 136» 225 (1980). 

6. M. F. J. C Kcndivw, H. C. Wacaon, m 13, 669 (mS). 
. 7. C:aMhh9ndA,M:U^Cakl^mi^HapharSrmp.Q 

8. J. U. Bowie and ILT. Saucr, hoc. Naa. Aead. ."id. U.S.A. 86, 3152 (1989). 

9. I F. Rcidhaar-Qboo a^d ILT. Saner, .^tce 241, ai (1988); Pmtrios Strwt. Funct. 
GmW., in press. ' ' 

10. D. Shortlc, / BwJ. Cfceni. 264, 5315 (1989). 
a. J. H. Milkr et el., J, Mot. Biei. l31, 191 (1979). 



12. S. Sprang a a/., Sdmcc 237, 905 (1987); C S. Craik, S. Roczniak, C Laiiginan, W. 
J. Rnttcr, ibid., p. 909. 

13. H. C. M. Nelson and R. T. Sauer, / MoJ. Bhl. 192, 27 (1986). 

14. M. H. Hccht. |. M- Snirtcvant, R. T, Sauer, Pme. Sml Acad. Sci US.A. 81, 5685 
(1984). 

15. T. AlL)cr, D. Sun, J. A. Nyc, D. C. Muchmnrv, B. W. Maolicws, Rioehtmkrf 26. 
3754 (1987). 

16. D. Shortte and A. K. Moducr. Pwutta Smut. iHtwt. C^tuet. 1, 81 (1986). 

17. A M. I«ak and C. Chothta, J. m. Diol. 160, 325 (1982). 

18. W. R. Taylor, iM. 188, 233 (1986). 

19. W. Kauzmann, Adu. Protm Chm. 14, 1 (1959); R. L ttaldwin, Proe. NatL AaiJ. 
S(i. ^;.^^/4.83v 8069 (1986). 

20. W. A. Lijii and R. T. Sauer, iVirtMfir 339, 31 (1989); in preparation. 

21 . Lesk and Oiothia (5) have argued dut a protein core composed solely of hydrogen- 
bonded residues would also be inviabir on cvotutinnary giuunda. as a miitacioiiaj 
chan^ in.oiK core residue would reauire oooipensadng chai^ in any imccacting 
residue or rcsiduac to matmaiii a .ttable soncnire. 

22. t. M. Gnv and B. W. Manhews; Mol. Bhi 175, 75.(1984); E. N. Bakifr and R. 
. E.' Huhbard, Png. Biophyi, MoL Biol. 41 97 ( 1984). 

23. F. M. Rjchaids. / Mol. Biol. 82, 1 (1974). 

24. J. W. Vonder and R M. Rjchaids, Airf. 193, 775 (1987). 

25. J. 1'. KeUis, Jr.i K. Nyberg; A. R. Fasht, Btoclmmstry 28, 4914 (1989); W. S. 
Sandbcrg and T. C XcrwiUi^^, Sdriw 245, 54 (1989). 

26. A. iV PakuJa and R. t. Sauer, PtvUtm Stmrt. Fuua. Cotet, 5, 202 (1989). 

27. B. C'Cuhninghant and |. A. WelJs, Stxtita 244, 1081 (1989); R. M. Breycr and R. 
T. Saiw, / Bio/. C*<w. 264, 13348 (1989). 

28. B. C. Oifiningham, P. Jhurarn, P. Ng, }. A. Wclts, Satna 243, 1330 (1989). 

29. L. H. Heart and W. R. Tayfor, NaMrr 329, 351 (1987). 

30. W,]-htwmiiaL, J. Mcl ]^.^fiS\\969yy].Qgtiex,Aid. 153,1027(1981);). 
M. Rcf^, Pwe. Natl. Aaid. Sd. U..S.A. 85, 99 {}9S8l 

31. W: R. Taylor, 2,77 (1988);^ 

32. M. A. Navia « at., 6lS (19119). 

33. M. Schircr aod A B. Edmuqdsun, DjOfOiYS. h 7, 121 (1967); V. I. tim;. J. M<»t 
Bioi .88, 857 (1974); ibid., p. 873. . " . 

34. D. EiscntKtis, R. ML Wdw. t. C TcrwiUigcr, Afaftw 299, 371 (1982); D. 
Eiseiibcrv, D. Schwan, M. (Uxharamy, R. Wall, J. ml Dhl. 179, 125 (1984); D. 
Eis^bcT^ R. M. Weiss, T. C TecwiUigcr, Pnx. hhtl. /Had. Sd, aS.A. 81, 140 
(1984). 

35. T, R. Bui^Uln,.Ceff .53, 339 (1988). . " 

36. G. CHring ff n/., EMHO J. 7. 4305 (1988). 

37. j. N. Brcg, R. Boclena, A..V. £. <jeorgc, R. Kapicin, Uhchtmbtff 23,9826 (1989); 
M. G. /ago^ r. U. Bowiq ^ K. Venhon, R. T. Sauer, D. J. Patd. p. 
9813. 

38. R. M. Swccr and D. Eiscnbccg. J. lAcl. Riol. 171, 479 (198.^). 

39. I. U. Bowie, N. £). Clarke, CO. Pabo, R. T. Sauer, Proteitu Struct. Fmut. Cfuet.^ in 
. prcparanon. . ' 

40. K. F. Un and IL A pm, MKTOfiioimjtei 22, 3986 ^ 

41. A. Sikorski and J. Skotnick. Ane. Natl Aatd. Sd. U.S.A. 86, 2668 (1989); A 
KoliadO, J. Skokiick, R. Yanv, Btopolrmm 26, 937 (1987); D. G Covidl andR. L 
Jem i gin, fiMir^miilvy, in press. - 

42. B. Lee and F. M. Rid)ards, J. Mol Biol. 55, 379 (1971). 

43. S. R. lOnJain and C O. Pabo, Sdata 242, 893 (1988). 

44. R. M. Brcycr, theai, Alusadiusms Institute ofTatnology, Cainbridisc (1988). 

45. J.-L. Fauchere and V. PUska, lair; / Med. Chmi.^im. Thtr. IB, 369 (1983). 

46. We diiuik C. O. Pafoo and 5. JurUan for coordinatcs'uf the NHj-cenninal domain ot' 
k repreasor and its opcramr complex. We also riiaiik P.. Schinunel Gir the use of his 

. graphics system aiKi J.. Bumhaum and C. Fcandclyn Ibr assistance. Suppocted in 
pan by h^H ^rant AI- 15706 and prcdoctoral grants from NSF (|.R.-0.) and 
' Howard Hiighcs Medical Institun: (W.A.L.). 



SCIENC£» VOL. 24-7 



•PACE 6/6 • RCVD AT 3Q1/2005 6:01:54 PM pacfflc Standard TImel • 8VR:SVC801/0 • ONIS:6034 « CS1D:(613) 998^290 • DURATION (mro-ss):( 



From (613) 998-3290 Order # 05359876DP044I9937 Mon Mar 21 20:50:00 2005 



Page 2 of 6 



398 

mJ. 
unn 



573 



87) . 

88) , 
ora- 
ozo- 
ludy 

T of 

nos- 

iVCTC 

Vaiy 
iamc 
libr 
-.43 
were 

|ygy 

nw- 

1/70 
and 
rmi- 

iym- 
and 

crcd - 

ojii- 

and 

ods, 
aba- 
i^t, 

c24 
i in- 
vlth 
143 
pro- 



.V. 



tor, 
13 

;G. 

E. 

R. 
.L. 
3). 
wet 

;G. 
tft); 
85. 
HoL 
rop. 



/ith 
for 



for antibody to P 7/7, P. Crocker for anuhodics to 
Ml/70 andSER.4, and M. Shcpard (^l^^,^^ 
rIFN--y. Supportoi in part by Naval Mcdicil Rf- 
scarch and Devcbpnient Command, worit unic 
3M162770AS70AN121 (S.L.H., GX., A.S., and 



M S 1 by U.S. Agpncv for Intcimoonal Dcvelop- 
Siontraa DTE04S3C003051-00 (M.R.H. and 
LW.), and by Office d" Naval Resciich contract 
N00bi4-83-C 0355. 

23 December 1988; Jtcocptcd 7 April 1989 



rfiHieh-Rcsolution Epitope Mapping of hOH-Receptor 
iinS-actions by Alaninc-Scanning Mutagenesis 

J|- ^ — 



m 



i >t strategy, called alanine-scaiming mutagpncsis. was used to idcaofy *Pf^^«J 

iS^Sed^m hun«n liver. Single alanine mutations (62 m total) were 
#S3^d aTevcty residue contained within the three discontinuous «gn«mt^^^ 
iSS^2Sl9!s4to74.andl67to 191) chat have been impUi^tedinteceptt^^ 
l4>2Sn Sie danine»^ «^ a duster of a do«n large side chains that when 

; ^^ST'^?^" »bow«i tnore Jan a fo-r ^^^^J>^i^^t 
' «-«^nfftr Manv of thcse f«sichics tliat ptomote binding to the hGH receptor arc 

placed lactogens^ prolactins) ^do^ 
TiSdX^ of these mutam P^otcinsw^ 

tS^SSlle firom thatrf the wiUttype hGH, as dctcnnined by ^J^r 
« SSX ^tfa seven different confonnatioiuaiy scnrithpc monoc^ "^5?^^^!^ 
SS?^ also identified at fcast one side^, Ghi^^ that hmdered bmding 
because when it was mutotcd to alanine the rcciptor al 
:£ictor offour* 



)^^afiinity increased by mof* than a 




YSTBMATIC REPLACEMENT OF SEG- 

nicnts (7 to 30 residues in length) of 
..^w- human growth hormone (hGH) with 
If :scqucnocs derived from nonbinding growdi 
Ij^honnonc homoiogs {homolog-scaniiing 
& mutagenesis) defined a binding patch on a 
fesmicnirai model of hGH that included die 
;i NH2-ierminal portion of helix 1, a loop 
#betwecn residues 54 and 74 and die 
^|i^:<X)OH-temiinai portion of helix 4 (I): This 
S;;/analysis provided a general oudinc of the 
S^ 'tc^ binding she, but did not identify 
iSihc specific residues invoked in receptor 
/bindiiig. Here, side cliains that arc impor- 
• W for modulatii^ binding arc located by 
sequential icplaccmcnt of residues cncom- 
;VH:passcd in the binding patch- with alanine. 
^!^l:;Alanine was chosen as the replacement rcsi- 
due because ; it eliminates the side chain 
Ml beyond the. p carbon yet does not alter the 
: # piain-chain conformation (as can glycine or 
: :il?proU nor docs it impose extreme elcctro- 
•IJscatic or steric effects. Furthermore, alanine 
v j v.'is the most abundant amino acid and is 
5p:fbund frequendy in both buried and cx- 
: y\{xjsed posidons and all. variety of secondary 
;]|structures .(2). Alaninc-scanning nuitagcnc- 
sis generates a small and systematic set of 
;^||mutant p roteins diat can be readily assayed 

^ V^^^ bcpimiHatt of Blomolecular diemistty, Qauaiicch, 
" • 460 Point Sail Bnino Boulevard. 5Soudi San Franciaco, 

:-:^ XA94m. • 

1^^ ytb whom cofTcspondeiicc should be addressed. 
^S^-Z JUNE 1989 



by quantitadve binding analysis and avoids 
the necessity of sorting a library of random 
mutants by a genetic screen or selection. 

A total of 62 single alanine mutants were 
produced (Table 1) by restriction-selection 
(J) to efficiently enrich for die mutant se- 
quence after primer-directed mutagenesis oh 
a syndieuc hGH gene template (J). The 
mutant homwncs were expressed in a sccretr 



cd form from Eschmchh coU (4), and their 
binding constants were determined fiDr the 
extracellular portion of the cloned hGH liver 
receptor by Scatchard analysis (], 5). This 
receptor firagmcnt is WgWy soluble and re- 
tains high affinity and specificity for hGH 
(5). The use of the purified truncated recep- 
tor m binding assays avoided artifacts associ- 
ated with binding to receptors on mcmr 
branes or lyholc cells. 

Overall, *c results of the alanine scan 
(Fig. 1) arc consistent widi those fix>m die 
homolog scan (0 in showmg that die mid- 
dle aftd:CPQH:|cnninal .scgn;ients are more 
important in binding than the NHj^-termi- 
nal segment* The largest reductions in bind-: 
ing (-20 times lower) occurred for specific 
alanine , subsrirurions within the 54 to 74 
loop and die COOH-tcmunal sequence 167 
to 191. Wc extended die alanijic scan to 
include residues 2 to .19 because of.uncer- 
tainrics in the positions of the NHa-tcrminal 
. residlues in dip pgrdnc GH.(pGH) strucciirc 
(<5)* In this scgrhent, alanine substitutions 
caused more modest rcdiidions in binding; 
the largpst reduction (--6 rimes tower) was for 
FIQA. For one mutant (E174A) dat is locat- 
cd near a number of disrupti ve alanine muta- 
tions (Fig. 1), tlic affinity fordic tcccptOT was 
acnially inacascd (4.5 tinies higher). . 
The most dismptiyc aJaiiinc subsiinitions 

fonn a patch that extends from FIO to R64 
and from P171 to V18S (Fig. 2), These, 
side chains appear to be facii^ in die same 
direction in die model of hGH. For exam- 
ple, all of the alanine mutants tested in helix 
4 that most aflca binding (1)171 A, K172A, 
E174A, F176A, n79A, C182A, and. 
R183A) arc confined to diree and one-half 
nims of diis helix, and tjicir side chains 




Flu 1 The Change in the dissodation constant rdarive to wiU^typch^^^ 

(Sb). . . 
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''projca from the same face of the helix (Fig. 
2). From this model, it would appear that 
T175 is involved in binding because it occu- 
pies a central position. Although the T175A 
mutant could not be expressed in high 
enough yields ftom culnires grown in shake 
flasks to be assayed, a more conservative 
mutant {T175S) covid be. Indeed, the 
T17SS mutant caused a 16-fold reduction in 
affinity for die hGH receptor (Fig. 1). Simi- 
hrly, although R178A was poorly ex- 
pressed, a more conservative mutant 
(R178N) could be expressed and exhibited 
an eightfold red^Ktion in receptor binding 
affinity. The next most disruptWc mutant, in 
die COOH-cerminus was V185A. Aldiou^ 
V185 A is outside of helix 4, it is predicted 
by die model to face in the same direction 2S 
the disruptive mutations within helix 4; By 
comparison, alanine mutations tested out- 
side die binding patch (R167A, K168A, 



E186A, S188Ai and F191A), or widiitt it 
but facing in the oppasitc direction from 
diosc above (V180A, Q181A, and S184A) 
generally had little or no efiiea on receptor 
binding. 

A similar interpreration can be made for 
alanine mutants in helix I, although the 
reductions in binding affinity arc more mod- 
erate. Within the helix, the alanine substitu- 
tions that most disrupt binding arc at resi- 
dues 6, 10, and 14, whichare located on the 
same face of the helix. The least disruptive 
alanine mutatiotis (L9A, N12A, and LISA) 
arc located on the opposite fecc of helix L 
This is fijrthcr confirmed by the 6ct that 
monoclonal antibodies (Mab's) 3 aftd 4, 
which do He* compete widi die receptor for 
binding to hGH (?). arc strongly disrupted 
by die N12A mutation (Table 2). 

The relative, positions of side chains with- 
in the 54 to 74 loop cannot be fixed from 



Table 1. Dissbdaiiqri constants mcajurcd for alanine substitutions of residues 2 to 1? in hGH. Site- 
specific mutagenesis was carried out on a singlc-srrandcd template (pB0475) that hgd unique restrwctiott 
sjtes distributed unifonnly about every 1 5 cqdpns dir6i#ouT a synthetic hGH gciic (Or SynAcnc 
<rfigpnuckotids:> (gcnaajty. 20. to 40 bases long) that coded for the desired alanine {«;«h«) 
subsritiition and altered die do5c$t singly occurring rcsniokjii site, were used to pnmcheiajoduplcx 
synthesis (3). Mutadoiis between cod«w 2 to 12, 13 to 19, 54 to 60, 61 to 69, or^ ay 74 were 
j4ncratcd by prinncis that hybridiicd over and altered dij? rfestriction sices Sal I,. Apa I, Oa I, Nm I, or 
&k; I starting at codons 7, 16, 56, 65. or 74. respectively. For muurions benvecn oodons 167 to 191, 
we first introduced a Kpn I site at awJon 179 that was subsequently altered by tcstncnon sctection ( J). 
Hctcfoduplcxcs were transformed into E. BMH 7H« if«/L (23) and die miiture was growti in LB 
brod) (Luna brodi) plus ampiciliin (50 fig^ml). The mutant sequence was ennchcd fionj a mini-lysate 
of DNA (2-0 hy restriction with the enzyme in which the restriction site was altered by the 
^ ^ ^ oHgpnucleotidc (3); Residual undigested DNA 

^^^^"^^^"""^^""^^ was transformed direcdy into E, coli JMIOl, and 

the eorrccit mutants were idaitificd by didcoxy 
sequencing (25). The combined mutagenesis cffi- 
ciaicy for recovery of the 64 correct mutants 
(from -ISO total' clones analyzed was about 
60%). Murant and :wild-type GH were secreted 
fcom E. coU W31 10 grt>wn in 20 ml of minimal 
media containing low phosphate for 24 hours at 
37X in 250^rnl shake flasks; periplasmic exttacts 
were prepared by osmotic shock (4). Tlie growth 
hoiinones wcic purified unifomily to about 60% 
homogeneity after vi (NH4)2S04 precipitation 
(final concentration equal to 45% sajturation) and 
their concentrations were detemiined to precision 
of SD ± 5% by dcnsitometric scanning of Coo- 
massie-stained SDS gels (])u Contio! experiments 
showed that the contaminaring proteins from £. 
(oii extracts had no effect on binding of wild-type 
hGH. to .the hGH* receptor. The dissociation 
coii^tant for the soluble ponion of the doncd liver 
hGH rcccpror was cletcrmincd by competitive 
" displacemcm of '^^Mabclcd hGH and Scatchard 
analysis (5). The standard deviations for were 
at or generally below ±25% of die values report- 
ed. Mutants are abbreviated by the wild-type 
residue (single letter amino acid designation) 
followed by its codon number and the mucanr 
residue (typically alanine). Abbreviations for die 
amino acid residues arc A, Ala; Q.Cys; D, A^p; E, 
Glu; F, Phc; G, Gly; H, His; I, lie; K, T.ys-, L, 
Uu; M, Met; N, Asn; P. Pro; Q, Gfai; R, Arg; S, 
Ser; T, Thr; V. Val; W, Tip; and Y, Tyr. NE (not 
expressed) indiGates the mutant protein was ex- 
pressed at below 2% of wild-type hGH as deter- 
mined by SDS-polyacrylaraidc gel elccaophort- 
sis or enzyme- linked immunosorbeot assay 
(£USA) after partiaj puriikauon fiXKit £. coli 
periplasmic extracts* 
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0.34 


Q69A 
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0.68 


I4A 
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die model as they can be for diose widiin 
helices 1 and 4. However, dicrc is a striking 
periodicity in the binding data in which 
muiarions of even numbered residues cause 
large reductions in binding relative to odd 
numbered residues. This is especiaUy true 
for the first part of diis region (54 to 59) 
and may reflect a structure in which even 
numbered residues project toward the re- 
ceptor and odd ones away. 

Although it is possible that some or all of 
the alanine muations diat disrupt die recep- 
tor binding do so by causing the molecule to 
be globally misfoldcd, it is unlikely for the 
following reasons, (i) Eight different Mab's 
to hGH (anti-hGH) whose epitopes are 
dtstina from each other {!) and seven of 
which (Mab's 2 to 8) ate scnsidvc to the 
folded structure of hGH (7. 8) bind as 
tightly with almost all of die alanine mutants 
: that disrupt binding to the receptor as they 
do widi hGH (Table 2). The exceptions arc 
R64A and C182A, which selectively disrupt 
binding to the Mab*s 6 and 5, respectively. 
It is likely that these mutarionis disrupt 
binding determinants iri common between 
the receptor and Mab*s 5 and 6 because 
dicsc MaVs compete wirti the receptor for 
binding to hGH (/). As additional controls, 
two alanine mutants arc shown that do not 
afiect receptor binding; one of these 
(N12A) aficcts die binding of two Mab's 
and the odier (K168A) affects none of die 
Mab's. Together these data suggest that 
binding to either the Mal^s or rccc{«or is 
disrupttd by a very local perturbation in the 
mutant structure, the most obvious being 
the side chain replacement, (ii) The far 
ultraviolet circular dichioic spectra for seven 
of diese mutants diat have been analyzed so 
fiu" aie virtually identical to that of wild- type 
hGH (9). these observations are ccaisistent 
with crystallbgraphic data showing that sin- 
gle amino acid substitutionis in. proteins 
generally cause oitly small and local stnicnir- 
al perturbations apart froin the . altered side 
chain (10). Wc cannot exclude the possibili- 
ty that small perturbations . in structure, 
which are propagated beyond the side chain 
substitution (n), may affect receptor bind- 
ing (/2). Thus, the alanine scan identifies 
side chains in hGH that can most affea 
binding; such residues are likely but^ibt 
liccessarily in direct contact with the recep- 
tor. 

About 20% of the alanine mutants 
(Dl lA, T60A, P61A, T67A, N72A, E74A, 
D169A, M170A, V173A, T175A, L177A, 
1U78A, C189A, and G190A) were not 
secreted, at high enough amcen'trations in 
shake flask cultiires to be isolated and ana- 
lyzed (Table 1). Each mutant gene was 
expressed in the same vector and expression 
was independent of the specific alanine co- 

8C1EMC£» VOt. 244 
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don We therefore believe variations in 
steady-state expression rcflea dift«erK« in 
Ac amounts of mutant protein secrctol or 
proteolytic dcgtailation (or both) of die 
mutant protein. W»f l"^^™. ''"'^ 
icd positioi« arc often destabilizing («) and 
can kad to proteolysis in vivo (14). Indeed, 
m. several ofthenonexpressing alanine mutMits 
m. inbclix4atelocaicdonit$hydrophob.cfiice 
I^L (M170A, V173A, and U77A) (tig. 2). It 
li- is Hkclv that mutation of these rc«du« 
" comributed to the iiistabUity of an hGH- 
f pGH hybrid that concuncd residues 1 to 
163 of hGH followed by 164 to 191 of 
r» pGH (i). However, this is not a general 
; :dfea because several alaiiine substitutions 
were tolerated on the hydrophobic tece .ot 
helix 1 (L6A, L9A, and FlOA) and hchx 4 
<F176A and V180A). In addition to muta- 
tions in hydrophobic residues, somctinoCT 
rcplacingdiargcd brneutr^I sidcchains wi* 
alaninc impaircd expression (DllA, T60A, 
T67A, N^A, E74A, D169A, T175, and 
R178A). Disruption of the disulfide loop by 
CI82A or C189A mutaripns leads to verv- 
low expression. Several noncxpecssing ala- 
nine mutants (mA, P61A, and 167A) 
were also located in a loop sttucture contmn- 
ing residues 60 to 67. Thus, although die 
phenotj-pc of low or nohcxptcssion is char- 
acttristic of die mutant protein, diis can 
resuk fiom a multitude of strucniral elfccts. 

A more complete interpretation of these 
results must await a high-tesblution stnic- 
Eurc of hGH and detailed analysis of the rate 
of secretion and degradation of these mole- 
cules in vivo. Moreover, because we have 
not tested diesc poorly expressed alanine 
>. mutants we do not know whether th«c 
wild-type residue.^ arc also important for 
: receptor binding. • . 

P In tw> cases tried .Cn75S and R178N), 
mote conscrv'ative substirotions tfiat prc- 
\ waved the hydrogen bonding fimctional 
;; group could be expressed at concentrations 
\i- near wild type. In anodier case (C182A), it 
I was possible to purify small amounts of die 
I poorly expressaj.piotcin from a high ccU 
I; density fennentor. ' Ncidwr of diese ap- 
I proachcs are very pracribal for overcoming 
|: : die problems wiA poor expression for anal- 
ysis of large numbers of mutant proteins, 
t P However, diese alternatives can be applied 
PM;. to a limited extent. i„ r 

I ■ 1* Human growth hornwne is a member ot 
i a fianiW of hontioncs that includes the 
IJI growth hormones (GH), placental lactogens 
X ^. «w>i,rrin..s rPRU IIS). Unlike 



hPL, pGH, and hPRL to die soluble hGH 
recepror (Fig. 3). For hl'L, die only differ- 
ences from hGH among residues where 
alanine mutations cause more than a four- 
fold reduction in binding arc £561) and 
IL64M. Indeed, when these two hPL resi- 
dues weic introduced into hCH thqr cai«ed 
a 30-fold reduction in binding to die hOH 
receptor (r). The combinarion of diese mu- 
tations plus I4V and n79M d^W? 
account (16) for greater dian a 100-told 
rcducrion in binding for hPL to die somato- 
genic receptor (17). Utger sequence 
changes occur diroughout the duix discon- 
dnous segments encompassing die binding 
XforpGHandliPRL(Fig.3).(>fAel3 

major sites that alaniiK replacements cause 
disruprion in binding. 3 are changed ui 
pGH and 9 are changed in hPRL. The 
combination of diesc changes can account 
for a large portion of^Ae ^^^Jt 
binding for pGH and hPRL to tlie hGH 
receptor. 

Analysis of sequence divergence among 
die GH-PRL family has been largely incon- 
clusive in identifying the somatogenic rccep- 
tor binding site {IS). TIk basis for *« 
tifccotnes more dwr with information 
lained from die mutagenesis cxpenmcnts 
aiwut die receptor binding site. First, dtc 
overall .sequence idcndiy tor hPL, P^H, and 
hPRI. compared to hGH (85, 68, and 23%, 
respectively) is cs.sentially the same as the 
idaitity widiin die dirce discontinuous 
bindink regions (84, 58, and 30%, rcspcc- 
tivcly) (Fig. 3) or wirhin dw set of 13 



residues where mutations arc most disrup- 
rive to binding (85, 77 and 31%, respcaive- 
(y). In general, functional differences among 
diesc moleailes is modulated by sequence 
diffeicnccs spread diroughout die diree dis- 
continuous regions of die bincUng site. 
Thus, natural variarion widiin die binding 
site is no more ot less dian it is over die 
entire molecule. Aldiough sequence diyer- 
oence is a good predictor of die variant 
binding site regioni in such rapidly evolving 
molecules as protease inhibitors ( J/J), it is a 
poor predicfor foi- idenrifying sequences re- 
sponsible for foncdonal differences among 
die gixjwth bonnone family. 

Alanine-scamiiiig mutagenesis is a i]9orc 
didtou^ piobc of the reccptoi? binditig site 
dian U hoinologrscanhingmutagew^is (1), 
The latter approach entails anlaysis of mulQ- 
bly mutated proteins, whereas by single 
substitutioiis die alanine Kan reveals whidi 
of these ate most crucial in binding (Fig. 2). 
Morcoveij die alanine iscan identifies impor- 
tant side chains di« *««J"f«*, "Sf,*' 
hoi«olog scan such as FJO; Q68, an4 K172. 
The homolog .<ican usually introduces coiv 
scrvativ* side chain subsdmtioiw and sp may 
not truly test energetic importance as the 
alanine scan doe. Fw example, c^veiting 
Ars 64 to Lw (as in pGH and l^RL) does 
nil* rcdwe binding to Hie.. leoeptor, yet 





..MS* ' in 





%L\ and die prolatdns (PRL) [IS). Unlike 
most 6f its homologs, hGH is capable of 
binding to somatogenic and lactogettic re- 
ceptors from a wide range of species. From 
die alaninc-scanning mutagenesis expen- 
ments, it is now possible to idennfy some ot 
die sequence dianges that impair bindmg of 

: 11UNB19S9 



within eadi helix was determined by ^'^^'^^^^T^^^ pGH model rdativc to die awuUidcs 

(CS3 to CI6& and C182 to y»9)-."f** !Jl7Si,ih<tol»rsiducsih!itwcTcniuBt«l(6to 19 

Zi ifo to 183). These helices are stwngly »"'fJ'P»3^J^^ „Xs^(open symboU).,-!!^ .most 
Sued symbols) neutr»l (shaded syjnMs), *"^'K5Kmodaw^&^^^^^^ 

. outward. ' _ 

REPORTS 1083 



PAGE 4/e 



|<n«)AT3ai/20055:53:38PM|Paemc8tandardTlmel.8VR:8yC801/0.DH«^^ • pufUVIIoilin!^ 



From C613) 99S-3290 



Order # 05359876DP04419937 Mon Mar 21 20:50:00 2005 



Page 5 of 6 



hCH 
hPl. 
pGH 
hPRL 



liOH 
hPL 
|)C;H 
bPRL 
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C R I 
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Fig. 3. Comparison of se- 
quences for varioas mem- 
bers of the GH-1»RL family 
(J5) witliin the three seg- 
ments that sinjngly modu- 
late binding to the hGH re- 
ceptor. The sJiadcd residues 
arc identical to hGH and the 
circled ones arc residues that 
when mutated to alanine (t>r 
others) cause the binding 
constant to change by more 
chan fourfold. 



Table Z Binding of seven dilFercru Mab's to hGH and various alaiiiiic mutaiits. An ^^SA tormat w^^^ 
i«S m de^^^^^^^ die conccntrarion (n.W) of a riven Mab .neccssary to reach 50% W^^" 
wtiS tv'pc W;H or various mutants thai halfeeii immobaized 

THk ttaiSird deviations in.dicsc mcaSur«ncnts a« generally at or below ±30% of die reported value. 



Hor- 
mone 



Mab (nAfl 



hGH 

FlOA 

N12A 

158A 

R64A 

Q68A 

K168A 

D171A 

K.172A 

E174A 

FI76A 

C182A 

V185A 



1 


2 


3 


0.4 


0.4 


0.1 


0.4 


0.4 


0.1 


0.4 


0.4 


■ >75 


0.4 


0.4^ 


0.1 


0.4 


0.4 


O.l 


0.4 


0.4. 


O.l 


0.4 


0.4 


0.1 


0.4* 


0:4 


0.1 


0.4 


0.4 


0.1 


0:4 


0.4 


0.1 


0.4 


0.4 


d.i 


0.4 


0.4 


0.1 


0.4 


0.4 


0.1 



0.0s 

0.05 
>50 
0.05 
0,05 
0.0s 
0.05 
0.05 
0.05 
0.05 
0.05 
0.0? 
0.05 





6 


; 7 


8 


0.2 


. 0.2 


. 0.08 


0.1 


0.2 


0.2 


0.08 


0.1 


0.2 


0.2 


0.08 


0.1 


0.2 


0:2 


0,08 


0:1 


0.2 


1.6 


0.08 


0.1 


0.2 


. 0.2 


0.08 


0.1 


0.2 


0.2 


0.08 


0.1 


02 


0.2 


0.08 


0.1 


0.2 


0.2 


0.08 


O.I 


0.2 


0.2 


0.08 


O.i 


0.2 


0.2 


0.08 


0.1 


0.2 


0.2 


0.08 


0.1 


0.2 


0.2 


008 


0.1 



conversion of Arg** to Met (as in hPL) 
reduces binding to the extent of the R64A . 
mutation (H). This probably accounts for 
why the rcduaions in binding affinity pro- 
duced by homolog scanning were generally 
much less than the ptodua of the rcductians 
in binding from component alanine substi- 
tutions at the siamc sites {16), ^or instance, 
in the mutant pOA (57 to 73) there arc ten 
subsritutions but only a .17-fold reduction in 
binding ( /). The product of rcdvctioiis for . 
alanine substiuitions at eight pt these sites is 
273-fold (two of the alanine .suKstinitions 
were not anal>Txd because of low expres- 
sion); most of rfiLs discrepancy (-20 times) 
can be accounted for by the lack of reduc- 
tion in binding from the R64K substitution 
as discussed above. 

We view the homolog-scanning and ala- 
nine-scanning strategies as complementary 
approaches. The former provides a general 
location for receptor or aiiribbdy epitopes, 
whereas the laitcf gives information about 
specific side chains within a given epitope 
that arc most important for molccalar recog- 
nition. Both approaches produce a manage- 
able set of mutant molecules that can be 
analy-zed quantitarivelj'. In some instances 
die mutants could not be expressed in good 
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yield. This problem could sometimes, be 
ovexcome by selecting nwre conservative 
subsdtudoQS, or culturing in high cell densi- 
ty fermentors (1). In addition, when alanine 
and glycine side chains , arc present in the 
vvild-t>p: protein they cannot be probed by 
mutagenesis except with larger or more con- 
formadonally disruptive substitutions, nor 
can main chain contacts be probcdi except by 
potentially disruptive proline siihstitutions. 
However, structural analysis of protein-pro- 
tein intcrartions have/sliown that antigenic 
determinants {19) pr subunit-subunit inter- 
faces (2C^ arc doniinated by side chain con- 
tacts. In fact, wc find die alanine subsritu- 
tions that most alter binding affinity arc 
replacements of large .side chaiiis (both 
charged and hydrophobic). Finally, disrup- 
tion of binding by dicsc alanine mutations 
does not prove a residue is making contact, 
forthcr struaural analysis of the complcx is- 
neccssar)' for that. 

Although it is anticipated that all epitopes 
in native globular proteins arc to some 
extent discontinuous (21), rficy invariably 
contain multiple contacts within a shon 
continuous istretch (<15 residues) of the 
polypeptide chain {19). Thus, once a puta. 
tivc contaa r^ion is identified by mutagen- 



esis, chemical modification or another meth- 
od, the importiincc of neighboring residues 
to binding affinity can be a.sscssed by alanine 
scanning. For example, recently it was re- 
ported that alkylation of K172 in hGH 
substantially reduces binding (22). Our data 
show that other nearby residues in helix 4 
are indeed crucial in receptor binding. Final- 
ly, alanine scanning has identified at least 
one side chain in hGH (E174) diat naturally 
disrupts binding to the hGH receptor^ 
Thus, it . is likely that die binding between 
hGH and its somatogenic receptor niay be 
strengdicned by optimizing this and other 
residues that modulate binding. Alanine- 
scaiuiing mutagenesis is a systematic fijnc- 
tional analysis that should be of general use 
to identify (and .subsequently eiigincer) the 
side chains that mast strongly modulate, the 
intcraaiqn between a polypeptide hormone 
and its receptor (or in odicr protcin-ligand 
complexes). 
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Tane W. Fountain, Margaret R. Waliace, Melissa A. Bruce, 
Bbrnd R. Seizinger, Anil G. Menon, James Gusella, 
Virginia V.Michbls, Michael A. Schmidt, Gordon W. Dkwald, 
Francis S. Coll ins* - ■ ■ - . 

■:— : : : ~ I 

THe «ne for wn Reddinghauscn ncuiofihrokitosis (NFl), one of die most common 
autoa>mal-domu>ant disorders of humans, was recendy mapped to chromosome 17 by 
Unkaxe analysis. The identification of two NPl patients with balanced transtocations 
(hat tavolved chromosome 17,11.2 suggests diat die ff^^.^Jf^^.^?^ 
. Arrangement of die NFJ locus, and dut die NF 1 gene might be id«itified by clonutg 
t^S)n around d«e translocarion breakpoints. To fimher define die "gion of 
diese uanslocadons, a scries of chromosome 17 Not I-linking clones has been mapped 
to pix>ximal 17q and stadied by puIsed-fieW gel electtophoresis. One clone, ITIJ 
fD17S133), clearly identifies die brcakpomt in an NFl patient widi a t(l;17) 
: Unslocation. A 2.3.mcgabasc pulscd-field map of *is region "^^^f^^ 
indicates diat die NPl breakpoint is only 10 to 240 kdobases *way fitom 17LI. Hus 
finding piepates die way for the ck>nii^ of NFl. 
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VON Recklinghausen neurofi- 
bromatbsis (NFl) is an aiitosomal- 
domin^nt human genetic disease, 
characterized by cafir-^au-lait spots, multiple 
neurofibromas that increase in size and 
number with age, hamiartomas of the iris 
(Lisch nodules), learning disabilities, bone 
abnormalities, and an increased risk of ma- 
.lignancy (especially |;Iioina and ncurofibro- 
jsarcoma) (/). The incidence of the disease is 
i about 1 in 4000. The specific manifcsrarions 
and. severity are remarkably variable, even 
; widiin die same family, and the spontaneous 
;:inutation rate is high, with 30 to 50% of 

J W Fouiitain, M. R. Wallace, M. A. Bruce, F. S. 
Collins, Iloward Hugl^cs Medical Institute and Pcpait- 
mcnts of Innsni Medicine and Human Gaieties, Uni- 
vemty of Midtigan, Ann Arbor, Mi 48109. 
B: R. ScWngcr,iA. CJ. .Menon. J. V. CiaeiU, Neurogene- 
tics Uhoraior\» MassachiucRs General Hospital, lio»- 
ton, MA 0211*4. . . ... ^ ,, 

A?. V. Micheb, M. A. Sdunidc G. W. Dcwakl Mayo 
Oinic, RodKitfer, MN SSQOS. 

To wlwm correspondence slmuld he addressed. 
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cases representing new mutations (2). 

Tlic NFl gene (NFl) has..bccn recendy 
mapped to chromosome 17 by linkage aiul- 
ysis (3), and genetic analysis of 142 families 
by an International,C««i«>f"^^ indicat- 
ed that NFl lies on proximal I7q (4). Mark- 
ers on both sides of xht gene Iwvc been 
identified that are within 5 ccnrimorgans of 
iVFI (5). 

In support of diis localization, two unre- 
lated patients widi NFl and apparcndy bal- 
anced translocations involving chromosome. 
17 ft(l;17) and t(17;22)] have been identi- 
fied (6, 7). In each instance, the chromo- 
some 17 breakpoint is in band ql 1.2, pttr- 
cisely where NFl maps by linkage analysis. 
Somatic cell hybrids have been constructed 
that txjntain die traiwlocatioo chromosomes 
fct>m dicsc patients (7, ^0- Flanking genetic 
markers ft>r NFl map on opposite sides of 
die translocation breakpoints (7-/0), sup- 
porting the hypothesis that these transloca- 
tions ditccdy disrupt die gene. Other somat- 



ic cell hybrids created by microccll-mediatcd 
gene transfer have been used to further 
define the location of markers around the 
NFl locus [9, tO). TIk combination of 
linkage and physical mapping has now ruled 
out several chromosome 1 7 genes, including 
ERBAl, ERBB2, and NGFR, as candidates 
for direct involvement in Nl^l (9-11). 

Thus NFl is an appropriate target for 
cloning by reverse genetics (12). We have 
reported (9) inirial results of physical map- 
ping of this region by pulscd-field gel elec- 
trophoresis (PFGE). Aldiough these results 
allowed us to physically connect some of the 
closely lii^ genetic niarkcrs, gaps were 
present in the map and none of these mark- 
ers detected cidier NFl transiocation break- 
point. Therefore additional markers were 
required to visualize diis ri^on in niorc 
detail The vise of linking clones, which are 
genomic fragments containing rare rcstric- 
uon sites (15), has advantages in such an 
effort: such clones allow convenient cort- 
struaion of a physical map, a^id often niark 
die site of expressed genes, .Wc generated a 
phage librarj' of Not I-linking clones from 
flow-sorted, diromosomc 17 material (14) 
and kKalizcd these clones using a somatic 
cell hybrid panel (9); 'Fhc clones that., 
mapped to i7qll were tested oh PFGE. 
blots (1.^ to see whether abnormal frag- 
ments were present in DNA from cither 
NF 1 padent widi a translocation. 

Of 16 linking clones studied, one (called 
17I-T) identified novel- PFGE bands in 
DNA from the t(.l;i7) NFl piticnt. Specifi- 
cally, a 0.8-kb Not .I-Xho I fragment of 
ITLlj denoted 17L1A, detected abnonnal 
fragments, with the enzymes Bss HII^ Sac II, 
and Not I (Fig.; I A) and also with Mlu I. .No 
abnormality was seen widi Sfi I, Eag I, or 
Xlho.I(I6). 

A potentiaVpirfall in this analysis can arise 
from variability in cuttiiig of rare restriction 
sites. Tliis caii occur as a result 6f actual 
sequence polymorphism (? 7) or, mbrq com- 
monly, as^: a rcsuk of DNA mcthylation - 
diftrericcs .(i5)* Strong evidence. d)at>uch 
effects cannot account for the. data, shown 
here include (i) No novel PFGE fragments 
have bccii seen widi 17L1A in Not! analysis 
of more riiaii 60 normal chromosorii^ in 
scvcril.difficrentrissucs: (li) These fragments 
cannot be accounted for by die effects pf 
incomplete, digestion; for example, die ih- 
tcnticwal panial Not I digest in Fig. lA 
demonstrates that the t(l;17)-spccific band 
at 5S0 kb (lane 9) is distinct from; the 460- 
and 680-kb partial fragments in nonnal 
individuals (lanes 10 and 11). (iii) The 
t(l;17j DNA, which also includes a normal 
chromosome 17, al>yays shows a norrnal . 
band as well as the abnormal l>arid, in 
apptoximatcly a 1:1 ratio, (iv) The abnor- 
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